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A BD-ROM 100 for causing a playback device to display a 
menu while displaying a moving image as a background of 
the menu. The BD-ROM 100 includes one or more AVClips 
constituting the moving image; a BD-JObject that causes the 
playback device to perform an operation wait control to wait 
for an operation to be conducted via the displayed menu; and 
PlayList information. The PlayList information includes a 
sequence composed of 999 pieces of PlayItem information 
each of which corresponds to one of the one or more AVClips 
and instructs the playback device to repeat a playback of the 
corresponding AVClip 999 times. 
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FIG. 9 
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F.G. 17 

PlayList info - Specific settings 

Play item:1 

End PTM of 
menu AVClip 

Play item;2 

Clip information file name 

Connection Condition 

Clip Information file name 

Connection Condition 

Play itemi3 

PlayItemi999 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



sse I do xelu duin?S 

3.Joul uo quaqxaS No. (1 

L???X?LT?TIF, nou ing 

US 2009/0055744 A1 

G=00 

Feb. 26, 2009 Sheet 18 of 61 Patent Application Publication 

  

  

    

  

  



Patent Application Publication Feb. 26, 2009 Sheet 19 of 61 US 2009/0055744 A1 

FIG. 19A 
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RECORDING MEDIUM, REPRODUCING 
DEVICE, RECORDING DEVICE, SYSTEM 

LSI, METHOD, AND PROGRAM 

TECHNICAL FIELD 

0001. The present invention relates to a technical field of 
interactive control technology. 

BACKGROUND ART 

0002 The interactive control technology provides a menu 
combined with a moving image, and controls a playback in 
accordance with user operations made onto the menu. The 
interactive control technology is indispensable in achieving 
interactive functions performed in response to user opera 
tions, such as selecting a title of a chapter to be played back, 
and answering a question. The interactive control technology 
has been applied to developments of industrial products Such 
as recording mediums like DVD and BD-ROM, playback 
devices and recording devices for Such recording mediums, 
and system LSIs. 
0003. In the case of DVD, as one example, the DVD video 
format has functions called “still image menu' and “moving 
image menu'. The still image menu is a menu where a still 
image is used as a background image of the menu. The play 
back device displays buttons by Superimposing them on the 
background image and waits for a user operation to be per 
formed onto the menu, where the buttons are highlighted 
images or still images. 
0004 The moving image menu is a menu where a moving 
image is used as a background image of the menu. The play 
back device plays back the moving background image and 
displays buttons by Superimposing them on the background 
image being played back, and waits for a user operation to be 
performed onto the menu, where the buttons are highlighted 
images or still images. In general, the playback length of the 
moving background image is as short as one minute. The 
moving background image and a program corresponding 
thereto are stored in a recording medium. The program 
includes two types of commands. One of them is a playback 
command for instructing the playback device to playback the 
moving background image. The other is a jump command for 
instructing the playback device to jump to the playback com 
mand to repeat the execution of the playback command. It is 
possible to create a moving image menu by describing these 
commands so that a loop playback of a short-time-length 
image is repeated. Patent Document 1, identified below, dis 
closes a disc arrangement that was invented so that the play 
back device can read in Such a moving image menu at a high 
speed. 
0005 Patent Document 1: Japanese Patent Application 
Publication No. H9-63251 

DISCLOSURE OF THE INVENTION 

0006. The Problems the Invention is Going to Solve 
0007. However, according to the above-described struc 
ture of the moving image menu, the moving image stops and 
the menu disappears during a time period between the 
completion of a playback of a moving image by the playback 
command and the start of a resumption of the playback of the 
moving image by the execution of the jump command. That is 
to say, the playback of the moving image is interrupted. Here, 
to prevent the playback of the moving image from being 
interrupted, one may consider that along-time-length stream, 
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Such as a one-hour stream, could be recorded preliminarily so 
that a user operation can be waited for in Such a long time 
period while the moving image is played back. The steam 
may be composed of a repetition of a same image. However, 
preliminarily recording, in addition to the movie work itself. 
a stream having a long playback period such as one hour 
merely for the purpose of waiting for an input while playing 
back a moving image is a waste of the recording capacity, and 
thus is not acceptable. 
0008. From the viewpoint of the recording efficiency, pre 
liminarily recording a stream having a long playback period 
Such as one hour for waiting for an input while playing back 
a moving image is thus unrealistic. 
0009. It is therefore an object of the present invention to 
provide a recording medium that enables a device. Such as a 
playback device, to wait for an input while playing back a 
moving image, with the recording efficiency of the recording 
medium not decreased uselessly. 
0010 
0011. The above-described object is fulfilled by a record 
ing medium for causing a playback device to display a menu 
while displaying a moving image as a background of the 
menu, the recording medium storing: one or more AV streams 
constituting the moving image; a program that causes the 
playback device to perform an operation wait control to wait 
for an operation to be conducted via the displayed menu; and 
PlayList information, wherein the PlayList information 
includes a PlayItem sequence composed of a plurality of 
pieces of PlayItem information each of which corresponds to 
one of the one or more AV streams and instructs the playback 
device to repeat a playback of the corresponding AV stream 
while performing the operation wait control. 

Means to Solve the Problems 

EFFECTS OF THE INVENTION 

0012. With the above-stated structure of the recording 
medium in which one piece of PlayList information includes 
a plurality of pieces of PlayItem information, the playback of 
the stream is not interrupted. More specifically, when a time 
length of the stream is represented by “T” and the number of 
pieces of PlayItem information in the PlayList information is 
represented by 'N', a playback of the moving image menu 
without interruption is secured for a time period of “NXT. 
0013 For example, when the number of pieces of Play 
Item information is set to '999' and one-minute-long digital 
stream is prepared, a playback of the moving image menu 
without interruption is secured for 999 minutes=16.5 hours. 
With this structure, even if a stop of the moving image and 
disappearing of buttons and Subtitle occur between execu 
tions of the command instructing the playback of the digital 
stream and the jump command for repeating the execution of 
the command, these do not occur while the 999 pieces of 
PlayItem information are played back. Accordingly, a play 
back of the moving image menu without interruption is 
secured for 999 minutes=16.5 hours. A playback stop occurs 
once in 16.5 hours when the jump command is executed to 
repeat the playback command. As understood from this, even 
when a digital stream having as short a playback time as one 
minute is used, it is possible to continue an input wait for quite 
a long time without playback interruption. 
0014 Furthermore, since the continuation does not 
require much increase in the capacity of the recording 
medium, the present invention meets the realistic demand of 
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achieving a moving image menu without playback interrup 
tion, while ensuring a large capacity of the recording medium. 

BRIEF DESCRIPTION OF THE DRAWING 

0015 FIG. 1 shows the use form of the recording medium 
of the present invention. 
0016 FIG. 2 shows the internal structure of the BD-ROM. 
0017 FIG. 3 shows the internal structure of the Index. 
bdmV. 
0018 FIG. 4 shows the internal structure of the Movie 
Object.bdmv. 
0019 FIG. 5 shows the structure of the AVClip. 
0020 FIG. 6 illustrates how the elementary streams shown 
in FIG. 5 are multiplexed in the AVClip. 
0021 FIG. 7 shows, in further details, how a video stream 
and an audio stream is stored into a PES packet sequence. 
0022 FIG. 8 shows the processes to which the TS packets 
constituting the AVClip are subjected before they are written 
onto the BD-ROM. 
0023 FIG.9 illustrates a hierarchical structure constituted 
by the AVClip, source packets, and ATS. 
0024 FIG. 10 shows the internal structure of Clip infor 
mation. 
0025 FIG. 11 shows EP map settings on a video stream of 
a motion picture. 
0026 FIGS. 12A and 12B show data structures of the 
PlayList information and Multi Clip entries. 
0027 FIG. 13 shows the internal structure of the PlayList 
Mark information of the PlayList information. 
0028 FIG. 14 shows relationships between AVClip and 
PlayList information. 
0029 FIG. 15 shows an example of settings in the STN 
table. 
0030 FIG.16 shows a typical hierarchical structure of the 
moving image menu. 
0031 FIG. 17 shows the data structure that is characteris 

tic to the PlayList information. 
0032 FIG. 18 shows a hierarchical structure of the moving 
image menu structured by the PlayList information shown in 
FIG. 17. 
0033 FIGS. 19A and 19B show relationships between 
ATC Sequences and STC Sequences. 
0034 FIGS. 20A and 20B show two AVClips (AVClipii1 
referred to by Previous PlayItem, and AVClipii1 referred to by 
Current PlayItem) that are connected seamlessly. 
0035 FIG. 21 illustrates details of Clean Break. 
0036 FIG.22 shows the internal structure of the playback 
device. 
0037 FIG. 23 shows the internal structure of the demulti 
plexer 3, the video decoder 4, the audio decoder 5, the IG 
decoder 6, and the PG decoder 7. 
0038 FIG. 24 shows ATC diff and STC diff. 
0039 FIG. 25 shows the state of the read buffer. 
0040 FIG. 26 shows the state of the elementary buffer in 
the video decoder. 
0041 FIG. 27 shows the temporal transition of free capac 

ity and amount of storage in the elementary buffer. 
0042 FIG. 28 shows the input-limiting straight line. 
0043 FIG. 29 shows the temporal transition of storage in 
the elementary buffer when t in end in playback according 
to Previous PlayItem and t in start in playback according to 
Current PlayItem are set to match each other on the same time 
aX1S. 
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0044 FIG. 30 shows the temporal transition of storage in 
the video and audio buffers, with relationships therebetween. 
0045 FIG. 31 shows the temporal transition of storage in 
the buffer before and after the change to the amount of code 
assignment for comparison therebetween. 
0046 FIG.32 shows a specific example of a moving image 
C. 

0047 FIG. 33 shows the structure of a moving image 
menu in Embodiment 2. 
0048 FIG. 34 shows three AVClips (AVClipil 1, 
AVClipi2, AVClipi3) that constitute the multi-angle section. 
0049 FIG.35 shows the structure of the PlayList informa 
tion for a moving image menu with a multi-angle section. 
0050 FIG.36 shows the internal structure of the recording 
device of the present invention. 
0051 FIG. 37 shows an example of the data structure of 
the title structure information generated by the title structure 
generating unit 10. 
0052 FIG.38 shows an example of the GUI screen when 
the menu screen structure is set. 
0053 FIG. 39 shows how the AVClip connection informa 
tion is described when the three AVClips shown in FIG.32 are 
generated. 
0054 FIGS. 40A and 40B show examples of a source code 
of a header file for accessing the PlayList of the ID class 
Source code. 
0055 FIG. 41 shows the file correlation information. 
0056 FIG. 42 shows an allocation on the BD-ROM based 
on the file correlation information shown in FIG. 41. 
0057 FIG. 43 shows one example of the interleave 
arrangement. 
0.058 FIG. 44 is a flowchart showing the authoring proce 
dures performed in the recording device. 
0059 FIG. 45 shows procedures for generating scenario 
data having a structure of a seamless moving image menu. 
0060 FIG. 46 shows the internal structure of the playback 
device in Embodiment 5. 
0061 FIGS. 47A and 47B show the structures of the IG 
stream and a PES packet that is obtained by converting a 
functional segment. 
0062 FIG. 48 shows a logical structure composed of a 
variety of types of functional segments. 
0063 FIG. 49 shows an AVClip playback time axis on 
which DSn is assigned. 
0064 FIGS. 50A and 50B shows relationships between 
ICS and Interactive composition. 
0065 FIG. 51 shows the internal structure of ICS. 
0.066 FIG. 52 shows the internal structure of page infor 
mation of a given page (page “y”) among a plurality of pages 
belonging to the x' Display Set in an Epoch. 
0067 FIG. 53 shows the internal structure of button infor 
mation (i) in page information (y). 
0068 FIG.54 shows how the IG stream is processed by the 
structural elements of the IG decoder 6. 
0069 FIGS. 55A and 55B show an Epoch that is continu 
ous through two AVClips, and how a Display Set of the 
“Epoch Continue” type is handled. 
0070 FIG. 56 shows the three conditions to be satisfied 
when two AVClips are played back seamlessly. 
(0071 FIG. 57 shows a specific structure of the PG stream. 
(0072 FIG. 58 shows the relationships between display 
positions of Subtitles and Epochs. 
0073 FIG. 59A and show data structures of WDS and 
PCS. 
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0074 FIG. 60 shows an AVClip playback time axis to 
which the DSn is assigned. 
0075 FIG. 61 shows the three conditions to be satisfied 
when two AVClips are played back seamlessly. 

DESCRIPTION OF CHARACTERS 

0076. 1 BD-ROM drive 
0.077 2 read buffer 
0078 3 demultiplexer 
0079 4 video decoder 
0080 5 audio decoder 
0081 6 IG decoder 
0082 7 PG decoder 
I0083. 8a, 8b, 8c, 8d plane memories 
0084. 9a user event processing unit 
0085 9b data analysis executing unit 
I0086 10 title structure generating unit 
0087 11 BD scenario generating unit 
I0088 16 reel set editing unit 
I0089. 20 JavaTM programming unit 
0090 30 material generating/importing unit 
0091 40 disc generating unit 
0092 50 verification unit 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiment 1 

0093. The following describes embodiments of the 
recording medium of the present invention. First, the use form 
of the recording medium of the present invention will be 
described. In FIG. 1, the recording medium of the present 
invention is a BD-ROM 100. The BD-ROM 100 is used for 
providing movie works to a home theater system that is com 
posed of a playback device 200 and a television 400. 
0094) Described in the following are the BD-ROM 100, 
the playback device 200, and a remote control 300. 
0095. The BD-ROM 100 is a recording medium on which 
a movie work has been recorded. 
0096. The playback device 200 is a network-ready digital 
home electrical appliance, having a function to play back the 
BD-ROM 100. 
0097. The remote control 300 receives operations onto the 
playback device 200 from the user. Specific examples of 
movie works Stored in the BD-ROM 100 are as follows. The 
BD-ROM 100 stores a menu title being a menu, as well as 
Title#1 and Title#2 being movie works. The menu title causes 
the playback device 200 to display a menu whose background 
image is a moving image. On this menu, the user should select 
either Title#1 or Title#2. In this way, the BD-ROM 100 pro 
vides the user with two movie works (Title#1 and Title#2) and 
a moving-image menu. It is Supposed herein after that the 
description of the present application is based on the specific 
examples of movie works, when there is no indication other 
wise. 
0098. Up to now, the use form of the recording medium of 
the present invention has been described. 

<General Description of BD-ROMs 
0099 First, the data structure of the recording medium 
presumed in the present invention will be described. The 
recording medium of the present invention is based on the 
premise of the BD-ROM application layer standard format. 
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FIG. 2 shows the internal Structure of the BD-ROM. The 
fourthrow from top of FIG. 2 indicates the BD-ROM, and the 
third row indicates the tracks of the BD-ROM in the state 
where they are horizontally extended although they are in 
reality formed spirally in order from the inner circumference 
to the outer circumference. The tracks include a lead-in area, 
a volume area, and a lead-out area. The volume area of FIG. 
2 has a layer type that includes a physical layer, a file system 
layer shown in the second row, and an application layer shown 
in the first row. The first row of FIG. 2 shows the application 
layer format (application format) of the BD-ROM repre 
sented by a directory structure. 
0100. The BDMV directory has files to which extension 
“bdmv” has been attached (“index.bdmv”, “Movie Object. 
bdmv'). Under the BDMV directory, there are six sub-direc 
tories: PLAYLIST, CLIPINF, STREAM, BDJO, and JAR 
directories. 
0101. The PLAYLIST directory has files to which exten 
sion “mpls” has been attached ("00001.mpls”, “00002.mpls”, 
"00003.mpls”). In the specific examples of movie works 
described earlier, 00001.mpls is the moving image menu. 
This moving image menu receives from the user a selection of 
either of the two titles (Title#1 and Title#2). It is also assumed 
that 00002.mpls is the movie works. 
0102) The STREAM directory has files to which extension 
“m2ts” has been attached ("00001.m2ts”, “00002.m2ts', 
“00003.m2ts'). Of these files, 00001.m2ts is an AVClip for 
the moving image menu. Also, 00002.m2ts and 00003.m2ts 
are movie works. 
(0103) The CLIPINF directory has files to which extension 
“clpi” has been attached ("00001.clpi”, “00002.clpi”, 
“00003.clpi). 
0104. The BDJO directory has files to which extension 
“bdjo' has been attached ("00001.bdjo'). 
0105. The JAR directory has files to which extension “jar” 
has been attached ("00001jar). In the specific examples of 
movie works described earlier, 00001.bdjo and 00001jarper 
forms a playback control when Title#1 is played back. 
0106. It is understood from the above-described directory 
structure that a plurality of different types of files are stored in 
the BD-ROM. 
<BD-ROM Structure 1: Index.bdmve 

01.07 First, the Index.bdmv will be described. FIG. 3 
shows the internal structure of the Index.bdmV. The Index. 
bdmv is a table that is placed in the highest layer and defines 
the structure of titles Stored in the BD-ROM. The Index.bdmv 
shown on the left-hand side of FIG. 3 includes: Index Table 
Entry for first playback, Index Table Entry for top menu, 
Index Table Entry for Title#1, Index Table Entry for Title#2, 
. . . and Index Table Entry for Title#N. The Index.bdmv 
specifies all titles, the top menu, a Movie Object or a BD-J 
Object that is executed first from the First Playback. The 
playback device of the BD-ROM refers to Index.bdmv each 
time a title or the menu is called, and executes the specified 
Movie Objector BD-J. Object. It should be noted here that the 
First Playback is set by the provider, and in which set is a 
Movie Object or a BD-JObject that is automatically executed 
immediately after the disc is inserted. Also, the Top Menu 
specifies a Movie Object or a BD-J Object that is called each 
time a command, such as "Menu Call”, is executed in accor 
dance with an operation made onto the remote control by the 
USC. 

0108. The title structure described above is defined by the 
common data structure shown on the right-hand side of FIG. 
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3. As shown in FIG. 3, the common data structure includes 
“Title object type”, “Title mobi id ref, and “Title bdjo 
file name'. 
0109. When set to “10, the Title object type indicates 
that the title identified by the title idcorresponds to the BD-J. 
Object. Also, when set to “01, the Title object type indi 
cates that the title identified by the title id corresponds to the 
Movie Object. That is to say, the Title object type indicates 
whether or not title identified by the title id corresponds to 
the BD-J. Object. 
0110. The Title mobi id refindicates an identifier of the 
Movie Object that corresponds to the Title. 
0111. The Title bdjo file name indicates a name of the 
BD-J Object file that corresponds to the Title. The BD-J 
Object includes “Application Management Table ()' which 
indicates the application id of the application to be executed. 
That is to say, the file name of the BD-J Object file indicated 
by Title bdjo file name in Index Table entry indicates a 
BD-Japplication to be executed when the own title is a branch 
destination. 

<BD-ROM Structure 2: Movie Object> 

0112. The Movie Object is stored in a file “Movie Object. 
bdmv’. FIG. 4 shows the internal structure of the Movie 
Object.bdmv. As shown on the left-hand side of FIG. 4, the 
Movie Object.bdmv includes one or more “MovieObjects ( 
)”. The lead line “vh1” in FIG. 4 indicates the close-up of the 
internal structure of the MovieObjects(). The MovieObjects( 
) includes "length' indicating the data length of its own, 
“number of mobis' indicating the number of Movie 
Objects included in itself, and as many Movie Objects as 
indicated by the number of mobs. The Movie Objects are 
each identified by the “mobi id”. The lead line “wh2 in FIG. 
4 indicates the close-up of the internal structure of a Movie 
Object mobi id () identified by an identifier mobi id. 
0113. As shown in FIG. 4, the Movie Object mob id() 
includes “number of navigation command” indicating the 
number of navigation commands, and as many navigation 
commands as indicated by the number of navigation com 
mand. The navigation command sequence is composed of 
commands that achieve: a conditional branch; setting the 
status register in the playback device; acquiring a value set in 
the status register, and so on. The following are the commands 
that can be written in the Movie Objects. 

PlayPL Command 

0114 Format: PlayPL (First Argument, Second Argu 
ment) 
0115. As the first-argument, a PlayList number can be 
used to indicate a PlayList to be played back. As the second 
argument, a PlayItem contained in the PlayList, a given time 
in the PlayList, a Chapter, or a Mark can be used to indicate a 
playback start position. 
0116 A PlayPL function that specifies a playback start 
position on the PL time axis using a PlayItem is called Play 
PLatPlayItem(). 
0117 A PlayPL function that specifies a playback start 
position on the PL time axis using a Chapter is called Play 
PLat Chapter(). 
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0118 A PlayPL function that specifies a playback start 
position on the PL time axis using time information is called 
PlayPLatSpecifiedTime(). 

JMP Command 

0119 Format: JMP Argument 
0.120. The JMP command is used for a branch that discards 
a currently executed dynamic scenario and executes a branch 
destination dynamic scenario that is specified by the argu 
ment. The JMP command has two types: a direct reference 
type that directly specifies the branch destination dynamic 
scenario; and an indirect reference type that indirectly refers 
to the branch destination dynamic scenario. 
I0121 The description format of the navigation command 
in the Movie Object resembles that in DVD. For this reason, 
a transplant of a disc content from a DVD onto a BD-ROM 
can be done efficiently. Up to now, the Movie Object has been 
described. The following describes the BD-J Object, starting 
with details of the BD-J application. 

<BD-ROM Structure 3: BD-J Application> 
I0122) "00001.jar” stores a BD-J application. The BD-J 
application is a JavaTM application that runs on a platform that 
is fully implemented with the JavaTM Micro Edition (J2ME) 
Personal Basis Profile (PBP1.0), and the Globally Executable 
MHP specification (GEM 1.0.2) for package media targets. 
I0123. The BD-J application is controlled by the Applica 
tion Manager via thexlet interface. Thexlet interface is in any 
of four statuses: “loaded”, “paused”, “active', and 
“destroyed”. 
0.124. The above-mentioned JavaTM platform includes a 
standard JavaTM library that is used to display image data such 
as JFIF (JPEG) and PNG. With this construction, the JavaTM 
application can realize a GUI framework that includes the 
HAVi framework defined in GEM 1.0.2, and includes the 
remote control navigation mechanism in GEM 1.0.2. 
0.125 With such a construction, the JavaTM application can 
realize a screen display that includes displaying buttons, 
texts, an online display (contents of BBS) or the like based on 
the HAVi framework, simultaneously with the moving image 
on the same screen. This enables the user to operate on the 
screen using the remote control. 
0.126 The series of files that constitute the BD-J applica 
tion are converted into JavaTMarchive files which conform to 
the specifications provided in http://java. Sun.com/2sef1.4.2/ 
docs/guide/jarliar.html. The JavaTM archive files are files 
whose ZIP file format is specialized in JavaTM. The contents 
of JavaTM archive files can be confirmed using some ZIP 
decompression Software in the market. 
I0127. Up to now, the BD-Japplication has been described. 
Described in the following is the BD-J. Object. 

<BD-ROM Structure 4: BD-J Object> 
I0128 “00001.bdjo' stores a BD-J. Object. The BD-J 
Object is data that includes an Application Management 
Table () and causes the platform unit to perform an applica 
tion signaling when titles are changed during a playback of 
the BD-ROM. More specifically, the Application Manage 
ment Table () includes: “application id' indicating a BD-J 
application to be executed; and 'application control code 
indicating a control to be performed to activate the BD-J 
application. The application control code defines the first 
execution state of the application after the title is selected. The 
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application control code can specify either 'AUTOSTART 
or “PRESENT, where with the AUTOSTART, the BD-J 
application is loaded onto a virtual machine to be automati 
cally started, and with the PRESENT, the BD-J application is 
loaded onto a virtual machine but is not automatically started. 

<BD-ROM Structure 5: AVClip> 
0129. The file attached with the extension “m2ts” (00001. 
m2ts) stores an AVClip. The AVClip is a digital stream con 
forming to the MPEG2-Transport Stream format. 
0130 FIG. 5 shows the structure of the AVClip. As shown 
in FIG. 5, multiplexed in the AVClip are a video stream with 
PID 0x1011, audio streams with PIDs 0x1100 through 
0x1200F, 32 Presentation Graphics (PG) streams with PIDs 
0x1200 through 0x121F, and 32 Interactive Graphics (IG) 
streams with PIDs 0x1400 through 0x141F. 
0131 FIG. 6 illustrates how the elementary streams shown 
in FIG. 5 are multiplexed in the AVClip. The AVClip is 
generated by converting the digitized video and audio (upper 
first row) into an elementary stream composed of PES packets 
(upper second row), and converting the elementary stream 
into TS packets (upper third row), and similarly, converting 
the Presentation Graphics (PG) stream for the subtitles or the 
like and the Interactive Graphics (IG) stream for the interac 
tive purposes (lower first row, lower second row) into the TS 
packets (third row), and then finally multiplexing these TS 
packets. 
0.132. As shown in the upper first row of FIG. 6, the video 
stream is composed of a plurality of pictures. The relation 
ships between the pictures and access units are represented as 
1 access unit-1 picture. Similarly, the audio stream is com 
posed of a plurality of audio frames. The relationships 
between the audio frames and access units are represented as 
1 audio frame=1 access unit, as shown in the upper first row 
of FIG. 6. In the BD-ROM, there is a limitation represented as 
1 PES packet=1 frame. That is to say, when the video has the 
frame structure, 1 PES packet=1 picture, and when the video 
has the field structure, 1 PES packet-2 pictures. These taken 
into account, the PES packets shown in the upper second row 
of FIG. 6 store the pictures and audio frames shown in the 
upper first row on the one-to-one basis. 
0133. The AVClip, generated as described above, is com 
posed of one or more “STC sequences”. The STC sequence is 
a section on the MPEG2-TS time axis based on which the 
decoding times and display times are indicated, where the 
section of the STC sequence does not include any system 
time-base discontinuity in the STC (System Time Clock) that 
is the system basic time for the AV streams. The system 
time-base discontinuity in the STC is a point for which ON is 
a discontinuity indicator of the PCR (Program Clock Refer 
ence) packet that carries a PCR that is referred to by the 
decoder to obtain the STC. 
0134 FIG. 7 shows, in further details, how a video stream 
and an audio stream is stored into a PES packet sequence. The 
first row of FIG. 7 shows the video stream and the third row 
shows the audio stream. The second row of FIG. 7 shows the 
PES packet sequence. As shown in FIG.7, a plurality of video 
presentation units, which constitute the video stream and fall 
into IDR pictures, B-pictures and P-pictures, are segmented 
into a plurality of segments, and the segments are stored into 
payloads (represented as VH1, VH2, Vi3, and VH4 in FIG. 7) 
of the PES packet, as indicated by arrows yy1, yy2, yy3, and 
yy4. Also, a plurality of audio presentation units, which con 
stitute the audio stream and are audio frames, are stored into 
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payloads (represented as Ai1 and Ai2 in FIG. 7) of the PES 
packet, as indicated by arrows aa1 and aa2. 
I0135) Next described is how the AVClip having the above 
stated structure is written onto the BD-ROM. FIG. 8 shows 
the processes to which the TS packets constituting the AVClip 
are subjected before they are written onto the BD-ROM. The 
first row of FIG. 8 shows the TS packets constituting the 
AVClip. 
0.136. As shown in the second row of FIG. 8, a 4-byte 
TS extra header (shaded portions in the drawing) is attached 
to each 188-byte TS packet constituting the AVClip to gen 
erate each 192-byte source packet. The TS extra header 
includes Arrival Time Stamp that is information indicating 
the time at which the TS packet is input to the decoder. 
I0137 The AVClip shown in the third row includes one or 
more ATC Sequences’ each of which is a sequence of 
source packets, where Arrival Time Clocks referred to by 
the Arrival Time Stamps included in the ATC Sequence do 
not include “arrival time-base discontinuity”. In other words, 
the ATC Sequence' is a sequence of Source packets, where 
Arrival Time Clocks referred to by the Arrival Time 
Stamps included in the ATC Sequence are continuous. The 
ATS is attached to the start of the TS packet, and indicates a 
time when a transfer to the decoder occurs. 
0.138. Such ATC Sequences constitute the AVClip, and is 
recorded onto the BD-ROM with a file name 'XXXXX.m2ts'. 
0.139. The AVClip is, as is the case with the normal com 
puter files, divided into one or more file Extents, which are 
then recorded in areas on the BD-ROM. The third row shows 
the AVClip, and the fourth row shows how the AVClip is 
recorded onto the BD-ROM. In the fourth row, each file 
Extent constituting the file has a data length that is equal to or 
larger than a predetermined length called Sextent. 
0140. The source packets constituting the file Extent are 
divided into groups each of which is composed of 32 source 
packets. Each group of source packets is then written into a set 
of three continuous sectors. The group of 32 source packets is 
6144 bytes (32x192), which is equivalent to the size of three 
sectors (=2048x3). The 32 source packets stored in the three 
sectors is called an “Aligned Unit. Writing to the BD-ROM 
is performed in units of Aligned Units. 
0.141 FIG. 9 illustrates a hierarchical structure constituted 
by the AVClip, source packets, and ATS. The first row of FIG. 
9 shows the AVClip, and the second row shows a source 
packet sequence. Also, the third row shows the ATS in a 
source packet. As shown in the third row, a two-bit reserved 
area precedes a 30-bit ATS, in the source packet. 
<BD-ROM Structure 6: Clip Information> 
0.142 Next, files to which an extension “clpi' is attached 
will be described. A file (00001.clip, 00002. clip, 00003. clip, 
. . . ) to which an extension “clpi' is attached, stores Clip 
information. The Clip information is management informa 
tion on each AVClip. FIG. 10 shows the internal structure of 
Clip information. As shown on the left-hand side of the draw 
ing, the Clip information includes: 
i) “Clip Info()' storing information regarding the AVClip; 
ii) “Sequence Info() storing information regarding the ATC 
Sequence and the STC Sequence; 
iii) “Program Info ()' storing information regarding the Pro 
gram Sequence; and 

iv) “Characteristic Point Info (CPI())”. 
0143. The Clip Info includes an application type indicat 
ing the application type of the AVClip referred to by the Clip 
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Info itself. By referring to such Clip Info, it is possible to 
determine whether it is the AVClip or SubClip, or which of a 
Video and a still image (a slideshow) is included. 
0144. The Sequence Info is information regarding one or 
more STC-Sequences and ATC-Sequences contained in the 
AVClip. The reason that these information are provided is to 
preliminarily notify the playback device of the system time 
base discontinuity and the arrival time-base discontinuity. 
That is to say, if such discontinuity is present, there is a 
possibility that a PTS and an ATS that have the same value 
appear in the AVClip. This might be a cause of a defective 
playback. The Sequence Info is provided to indicate from 
where to where in the transport stream the STCs or the ATCs 
are sequential. 
0145 The Program Info is information that indicates a 
section (called “Program Sequence') of the program where 
the contents are constant. Here, “Program' is a group of 
elementary streams that have in common a time axis for 
synchronized playback. The reason that the Program 
Sequence information is provided is to preliminarily notify 
the playback device of a point at which the Program contents 
change. It should be noted here that the point at which the 
Program contents change is, for example, a point at which the 
PID of the video stream changes, or a point at which the type 
of the video stream changes from SDTV to HDTV. 
0146 From now on, the Characteristic Point Info will be 
described. The lead line cu2 in the drawing indicates the 
close-up of the structure of CPI. As indicated by the lead line 
cu2, the CPI is composed of the Ne pieces of EP map for 
one stream PIDs: EP map for one stream PID 0 . . . 
EP map for one stream PID (Ne-1. These EP map for 
one stream PIDs are EP maps of the elementary streams that 
belong to the AVClip. The EP map is information that indi 
cates, in association with an entry time (PTS EP start), a 
packet number (SPN EP start) at an entry position where the 
Access Unit is present in one elementary stream. The leadline 
cu3 in the drawing indicates the close-up of the internal 
structure of EP map for one stream PID. 
0147. It is understood from this that the EP map for 
one stream PID is composed of the Ne number of EP Highs 
(EP High (0) . . . EP High(Nc-1)) and the Nf number of 
EP Lows (EP Low(0) . . . EP Low (Nf-1)). Here, the 
EP High plays a role of indicating upper bits of the SPN 
EP start and the PTS EP start of the Access Unit, the 
EP Low plays a role of indicating lower bits of the SPN EP 
start and the PTS EP start of the Access Unit. 
0148. The lead line cu4 in the drawing indicates the close 
up of the internal structure of EP High. As indicated by the 
lead line cu4, the EP High (i) is composed of “ref to EP 
Low idi that is a reference value to EP Low; “PTS EP 
High i' that indicates upper bits of the PTS of the Non-IDR 
I-Picture and the IDR-Picture that are at the start of the Access 
Unit; and “SPN EP High i' that indicates upper bits of the 
SPN of the Non-IDRI-Picture and the IDR-Picture that are at 
the start of the Access Unit. Here, “i' is an identifier of a given 
EP High. 
014.9 The lead line cu5 in the drawing indicates the close 
up of the structure of EP Low. As indicated by the lead line 
cu5, the EP Low(i) is composed of “is angle change point 
(EP Low id)' that indicates whether or not the correspond 
ing Access Unit is an IDR picture: “I end position offset 
(EP Low id) that indicates the size of the corresponding 
Access Unit: “PTS EP Low(EP Low id) that indicates 
lower bits of the PTS of the Access Unit (Non-IDRI-Picture, 
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IDR-Picture); and “SPN EP Low(EP Low id)' that indi 
cates lower bits of the SPN of the Access Unit (Non-IDR 
I-Picture, IDR-Picture). Here, “EP Low id” is an identifier 
for identifying a given EP Low. 
0150. Here, the EP map will be explained in a specific 
example. FIG. 11 shows EP map settings on a video stream 
of a motion picture. The first row shows a plurality of pictures 
(IDR picture. I-Picture, B-Picture, and P-Picture defined in 
MPEG4-AVC). The second row shows the time axis for the 
pictures. The fourth row indicates a packet sequence, and the 
third row indicates settings of the EP map. 
0151. It is presumed here that in the time axis of the second 
row, an IDR picture or an I-Picture is present at each time 
point t1 ... t7. The interval between adjacent ones of the time 
point t1 ... t7 is approximately one second. The EP map used 
for the motion picture is set to indicate t1 to t7 as the entry 
times (PTS EP start), and indicate entry positions (SPN 
EP start) in association with the entry times. 

<BD-ROM Structure 7: PlayList Information> 

0152. A file (00002.mpls) to which extension “mpls” is 
attached will be described. This file is information that 
defines, as a PlayList (PL), a combination of two types of 
playback paths called MainPath and SubPath. FIG. 12A 
shows the data structure of the PlayList information. As 
shown in the drawing, the PlayList information includes: 
MainPath information (MainPath() that defines MainPath; 
PlayListMark information (PlayListMark ()) that defines 
chapter; and SubPath information (SubPath ()) that defines 
SubPath. 

<PlayList Information Explanation 1: MainPath Informa 
tion> 

0153. First, the MainPath will be described. The MainPath 
is a presentation path that is defined in terms of the video 
stream as the main image and the audio stream. As indicated 
by the arrow mp 1, the MainPath is defined by a plurality of 
pieces of PlayItem information: PlayItem information #1 ... 
. PlayItem information #m. The PlayItem information defines 
one or more logical playback sections that constitute the 
MainPath. The lead line hs 1 in the drawing indicates the 
close-up of the structure of the PlayItem information. 
0154 As indicated by the leadlinehs1, the PlayItem infor 
mation is composed of “Clip Information file name O' 
that indicates the file name of the playback section informa 
tion of the AVClip to which the IN point and the OUT point of 
the playback section belong; “is multi angle' that indicates 
whether or not the PlayItem is multi angle: “connection - 
condition' that indicates whether or not to seamlessly con 
nect the current PlayItem and the previous PlayItem; “ref to 
STC idO' that indicates uniquely the STC Sequence 
targeted by the PlayItem; “In time' that is time information 
indicating the start point of the playback section: “Out time' 
that is time information indicating the end point of the play 
back section; "Still mode” that indicates whether or not to 
continue a still display of the last picture after the playback of 
the PlayItem ends: “Multi Clip entries' that indicates a plu 
rality of AVClips constituting the multi angle when the Play 
Item is multi angle; and “STN table'. 
0155 FIG. 12B shows the internal structure of the Multi 
Clip entries. As shown in the drawing, the Multi Clip entries 

is different audios”; “is includes: "number of angles'; 



US 2009/0055744 A1 

seamless angle change'. “Clip information file name 1”: 
“ref to STC id1: ... “Clip information file name NI': 
and “ref to STC idN. 
0156 The “Clip codec identifier”, “Clip information 

file name', and “ref to STC idO' respectively correspond 
to AVClips constituting angle images in the multi-angle sec 
tion. 

<PlayList Information Explanation 2: PlayListMark Infor 
mation> 

(O157 Next, the PlayListMark Information will be 
described. 
0158 FIG. 13 shows the internal structure of the PlayList 
Mark information of the PlayList information. As the lead 
line “pm0” in this figure indicates, the PlayListMark infor 
mation includes a plurality of pieces of PLMark information 
(#1 ... in). The PLMark information (PLMark ()) specifies 
a given period in the PlayList time axis as a chapter. As the 
lead line “pm1 in this figure indicates, the PLMark informa 
tion contains: “ref to PlayItem Id' which indicates a Play 
Item as the target chapter, and "Mark time stamp' which 
indicates the chapter position using the time notation. 
0159 FIG. 14 shows how chapter positions are specified 
by the PLMark information of the PlayList information. The 
second to fifth rows in FIG. 14 are the same as the first to 
fourth rows in FIG. 10, and indicate the video stream referred 
to by the EP map. 
0160 The first row shows the PL Mark information and 
the PlayList time axis. Two pieces of PL Mark information #1 
and #2 are shown in the first row. The arrows kt1 and kt2 
indicate specifications of PlayItems by ref to PlayItem Id in 
the PL Mark information. As understood from these arrows, 
ref to PlayItem Id in the PL Mark information specifies 
PlayItems to be referred to. Also, the Mark time stamp indi 
cates the times of Chapters #1 and #2 on the PL time axis. In 
this way, the PL Mark information defines chapter points on 
the PlayItem time axis. 

<PlayList Information Explanation 3: STN table> 

(0161 The following describes the STN table. The STN 
(STream Number) table indicates whether a playback of an 
elementary stream is valid or invalid in the PlayItem infor 
mation, for each elementary stream multiplexed in the 
AVClip referred to by the Clip information. 
0162 FIG. 15 shows an example of settings in the STN 

table. The left-hand side of the drawing indicates the PlayItem 
information, and the middle part of the drawing indicates the 
types of elementary streams contained in the AVClip. The 
right-hand side of the drawing indicates specific settings in 
the STN table. 
(0163. In the example shown in FIG. 15, the AVClip in the 
middle part includes one video stream, three audio streams 1, 
2 and 3, four PG streams 1, 2, 3 and 4, and three IG streams 1, 
2 and 3. 
0164. The specific settings on the right-hand side indicate 
that the valid streams are: video, audio 1 and 2, Presentation 
Graphics 1 and 2, and Interactive Graphics 1. Therefore, in 
the PlayItem information, the elementary streams that are set 
as valid in the STN table can be played back. The other 
elementary steams are prohibited from being played back. 
The STN table also records therein attribute information for 
each elementary stream. It should be noted here that the 
attribute information is information that indicates the charac 
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teristics of each elementary stream. For example, the attribute 
information indicates the language attribute in the cases of the 
audio, presentation graphics, and interactive graphics. 
(0165. Up to now, the data structure of the BD-ROM has 
been described. The recording medium of the present inven 
tion provides the moving image menu based on the above 
described data structure. FIG.16 shows a typical hierarchical 
structure of an AVClip for the moving image menu. The first 
row of FIG.16 shows index.bdmV. The second row indicates 
the Movie Object. The index.bdmv in the first row includes 
index of each title. As shown in FIG.16, “MovieObjectii1 is 
set in “TopMenu of the index.bdmv. With this structure, 
when TopMenu is called, the commands set for the MovieOb 
jectii1 in the second row are executed in sequence. The first 
command of the Movieobjectii1 is “PlayPL PlayListh 1'. The 
PlayPL command is a command for playing back a PlayList 
being the argument starting from the head thereof. As the 
PlayPL PlayListi1 command is executed, the playback 
device analyzes the PlayItem information #1 that is the Play 
Item information positioned at the head of the PlayList infor 
mation #1, and starts playing back the AVClip specified by the 
Clip Information file name in the PlayItem information. 
0166 In the AVClip, multiplexed with a background mov 
ing image is an IG stream that enables the user to perform the 
menu operation. The length of the AVClip depends on the 
content, but in general, a short-period image of, for example, 
one minute is used as the AVClip. This is because a long 
period image consumes the disc capacity as much. After 
completion of playback of the AVClip, the control moves to 
the next command. In the example shown in FIG. 16, the 
second command is “Jump MovieObjectii1. After the play 
back of the PlayList information #1, this jump command 
instructs jumping to MovieObjectii1 to call the PlayPL com 
mand again. 
(0167. The “In Time” in the PlayItem information #1 is set 
to indicate the Presentation TiMe (PTM) of the picture data 
that exists at the start of the AVClip for moving image menu: 
and the “Out Time' in the PlayItem information #1 is set to 
indicate the Presentation TiMe (PTM) of the picture data that 
exists at the end of the AVClip for moving image menu. The 
playback of the PlayList is executed many times when such a 
PlayPL command and the Jump commandare executed by the 
command processor. 
0.168. However, according to this data structure, the AV 
playback screen stops and the buttons disappear during the 
time period between the playbacks of the PlayList informa 
tion #1. 

0169 More specifically, after an end of playback of the 
AVClip based on the PlayList information specified by the 
PlayPL command, the PlayPL command is to be executed to 
load the PlayList information again. During this time period, 
the AV playback screen stops, keeping on displaying the 
picture that was referred to last by the PlayItem information. 
(0170 When the PlayList information is to be re-loaded, 
the playback device performs flushing of the memory area 
storing the PlayList information and flushing of the buffer 
memory of the decoder. These flushing once eliminate the 
buttons represented by the IG streams and the subtitles rep 
resented by the PG streams. When this happens, the buttons 
and subtitles disappear from the screen. The present embodi 
ment proposes a solution to these problems of the stop of the 
AV playback screen and disappearing of the buttons and 
subtitles. 
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0171 FIG. 17 shows the data structure that is characteris 
tic to the BD-ROM 100. The left-hand side of the drawing 
shows the data structure of the PlayList information, and the 
right-hand side of the drawing shows specific settings of the 
PlayItem information. The left-hand side of the drawing indi 
cates that the PlayList information can include 1 through999 
pieces of PlayItem information. The identification number of 
the PlayList information has three digits, and thus 999 pieces 
of PlayItem information existing in the PlayList information 
is the largest number that can be represented by three digits. 
On the other hand, according to the specific description on the 
right-hand side of the drawing, the 999 pieces of PlayItem 
information are commonly set. Namely,: Clip Information 
file name Indicates Clip information of AVClipil 1 that is an 
AVClip for the moving image menu; In Time indicates the 
start PTM (Presentation TiMe) of the AVClip for the moving 
image menu; Out Time indicates the end PTM of the AVClip 
for the moving image menu; and Connection Condition indi 
cates CC-5 (seamless connection). FIG. 18 shows the data 
structure of the PlayList information in the same notation as 
in FIG. 16. 

(0172. The BD-ROM standard limits the number of pieces 
of PlayItem information to 999 at most. This is because there 
is a limit to the number of digits to be assigned to the identi 
fication number, and because there is a demand that the Play 
List information be used on-memory. That is to say, the Play 
List information is read onto the memory prior to a playback 
of an AVClip, and the playback of the AVClip based on the 
PlayList information is performed while the PlayList infor 
mation is stored in the memory. As understood from this, the 
number of pieces of PlayItem information cannot be 
increased limitlessly because it is presumed that the PlayList 
information is used on-memory. Therefore, the BD-ROM 
application layer standard limits the number of pieces of 
PlayItem information to 999 at most. 
0173 FIG. 18 shows a hierarchical structure of the moving 
image menu in Embodiment 1. FIG. 18 differs from FIG. 16 
in the structure of PlayList information #1 shown in the 
second row. Namely, while PlayList informational of FIG. 16 
is composed of one piece of PlayItem information, PlayList 
information #1 of FIG. 18 is composed of 999 pieces of 
PlayItem information, and In Time and Out Time of each of 
the 999 pieces of PlayItem information indicate the start and 
end points of the same AVClip. Also, all pieces of PlayItem 
information except for PlayItem #1 (namely, the first piece 
among the 999 pieces of PlayItem information) are set as 
connection condition=5. This makes it possible to notify the 
playback device of the seamless connection between each 
piece of PlayItem information. 
0.174 Also, in the menu AVClip commonly referred to by 
a plurality of pieces of PlayItem information, it is set that the 
distance from the end Extent of the menu AVClip to the start 
Extent of the menu AVClip does not exceed Sjump max 
being the maximum jump size, and that the end Extent of the 
menu AVClip has a size that is equal to or more than the 
minimum Extent size calculated from the time required for 
jumping the distance. 
(0175. Further, in the menu AVClip commonly referred to 
by a plurality of pieces of PlayItem information, the data is 
created such that the decode model does not breakdown even 
if the decoding is performed to the end of the menu AVClip, 
and then the playback is kept to continue from the start of the 
menu AVClip without clearing the decode buffer. The starting 
portion of the AVClip is assigned with an amount of code on 
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the presumption of a predetermined initial state. The prede 
termined initial state is a state of the buffer immediately after 
an AVClip has been read into the buffer to play back the 
AVClip by the immediately preceding PlayItem. 
0176 By assigning an amount of code to the starting por 
tion of the menu AVClip as described above, the menu AVClip 
can be played back seamlessly and repeatedly. 
(0177. With the above-described data structure, when Play 
Listi 1 shown in FIG. 17 is played back, the same AVClip is 
repeatedly played back seamlessly in correspondence with 
PlayItem information #1 through #999. When the number of 
pieces of PlayItem information is set to, for example, “999 
that is the largest number permitted by the standard, PlayList 
information #1 loops pseudo permanently with use of a short 
period AVClip. This prevents the screen from stopping each 
time an AvClip is played back, and prevents the subtitle, 
buttons constituting the menu and the like from disappearing. 
For example, when the number of pieces of PlayItem infor 
mation is set to '999' and one-minute-long AVClip is pre 
pared, a playback of 999 minutes=16.5 hours is available. 
This makes it possible to play back the AVClip seamlessly, 
keeps the screen from stopping, and keeps the Subtitle and 
buttons from disappearing for a far longer time period than a 
time period generally required for performing operations on 
the menu. That is to say, a playback stop occurs once in 999 
times of playbacks when the Jump command is executed to 
repeat the PlayPL command. 
(0178. With this structure, even if a stop of the AV screen 
and disappearing of buttons and subtitle occur between 
executions of the PlayPL command and the Jump command, 
these do not occur while the 999 pieces of PlayItem informa 
tion are played back. For example, in the case where one 
minute-long AVClip is used, a stop of the AV screen does not 
occur for 999 minutes=16.5 hours. As understood from this, 
even when an AVClip having a short playback time is used for 
the menu, it is possible to wait a menu operation without a 
playback interruption. 
(0179 Next will be described how connection of the plu 
rality of pieces of PlayItem information in the PlayList infor 
mation is achieved. 
0180 FIG. 19A shows relationships between ATC 
Sequences and STC Sequences. As shown in FIG. 19A, only 
one ATC Sequence can be included in one AVClip in the 
BD-ROM. On the other hand, the one ATC Sequence can 
include a plurality of STC Sequences. 
0181 FIG. 19B is a graph where STC values in STC 
Sequences are plotted along the vertical axis, and ATC values 
in ATC Sequences are plotted along the horizontal axis. The 
ATC values and the STC values are in the monotonic increase 
relationship, and the STC value increases as the STC value 
increases. However, as understood from the drawing, a dis 
continuity occurs at a switch to the STC Sequence. 
0182 An arbitrary piece among a plurality of pieces of 
PlayItem information included in the PlayList information is 
called “Current PlayItem', and apiece of PlayItem informa 
tion positioned immediately the Current PlayItem is called 
“Previous PlayItem'. 
0183 FIG. 20A shows two AVClips (AVClipii1 referred to 
by Previous PlayItem, and AVClipii1 referred to by Current 
PlayItem) that are connected seamlessly. 
(0.184 FIG.20B shows the relationships between (a) Video 
Presentation Unit and Audio Presentation Unit in AVClipi1 
referred to by Previous PlayItem and (b) Video Presentation 
Unit and Audio Presentation Unit in AVClipii1 referred to by 
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Current PlayItem. The first row of the drawing indicates 
Video Presentation Unit (video frame) that constitutes 
AVClipii1 referred to by Previous PlayItem, and indicates 
Video Presentation Unit (video frame) that constitutes 
AVClipii1 referred to by Current PlayItem. 
0185. The second row of the drawing indicates Audio Pre 
sentation Unit (audio frame) that constitutes AVClipii1 
referred to by Previous PlayItem. The third row of the draw 
ing indicates Audio Presentation Unit (audio frame) that con 
stitutes AVClipi1 referred to by Current PlayItem. It is sup 
posed here that the playback time of the last Video 
Presentation Unit in AVClipii1 referred to by Previous Play 
Item is 200000, and the playback time of the first Audio 
Presentation Unit in AVClipii1 referred to by Current Play 
Item is 500000. The seamless playback can be performed 
even if there is a discontinuity between (i) the playback time 
of the last Video Presentation Unit in AVClipii1 referred to by 
Previous PlayItem and (ii) the playback time of the starting 
portion of AVClipii1 referred to by Current PlayItem. 
0186 These two AVClips should satisfy the Clean Break 
conditions. More specifically, the following restrictions are 
imposed. 
0187 (1) The audio frames are made to overlap at the 
seamless boundary. 
0188 (2) The last audio frame of Clipi1 overlaps with the 
end time of the video. 

(0189 (3) The first audio frame of Clipi2 overlaps with the 
start time of the video. 
0190. The transport stream packet sequence supplied to 
the playback device by Previous PlayItem is called “TS1’, 
and the transport stream packet sequence Supplied to the 
playback device by Current PlayItem is called “TS2’. Clean 
Break is a state in which TS1 fed into the decoderby Previous 
PlayItem and TS2 fed into the decoder by Current PlayItem 
satisfy the relationships shown in FIG. 21. FIG. 21 illustrates 
details of Clean Break. 

(0191). The first row of FIG. 21 indicates a plurality of 
Video Presentation Units in TS1 and TS2, the second row 
indicates Audio Presentation Units in TS1 and TS2, the third 
row indicates STC values in AVClip, and the fourth row 
indicates a source packet sequence in AVClip. 
0.192 In FIG. 21, the boxes with shading represent Video 
Presentation Units, Audio Presentation Units and source 
packets on the TS1 side, and the boxes without shading rep 
resent Video Presentation Units, Audio Presentation Units 
and source packets on the TS2 side. 
(0193 In the Clean Break shown in FIG. 21, although the 
two Video Presentation Units have a common boundary ther 
ebetween (the first row), there is a gap between ATCs in the 
AVClip (the fourth row), and Audio Presentation Units in the 
AVClip overlaps with each other (the second row). 
0194 Viewing from the TS1 side, the boundary between 
the Video Presentation Units is PTS1'End-Tpp representing 
the end point of the last Video Presentation Unit in the first 
row, and viewing from the TS2 side, the boundary between 
the Video Presentation Units is PTS2'Start representing the 
start point of the last Video Presentation Unit in the first row. 
0.195 The overlapping section between Audio Presenta 
tion Units in the AVClip is a section extending from T3a to 
T5a, where “T5a represents the end point of Audio Presen 
tation Unit of TS1 that matches “T4” representing the bound 
ary time point, and “T3a represents the start point of Audio 
Presentation Unit of TS2 that matches “T4. 
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0196. The drawing suggests that, to realize CC=5, the 
following four conditions should be satisfied in the levels of 
Video Presentation Unit, Audio Presentation Unit, and 
packet. 
(0197) (1) The last Audio Presentation Unit in the audio 
stream of TS1 includes a sample having a playback time that 
is equal to the end of the display period of the last video 
picture in TS1 specified by Previous PlayItem. 
(0198 (2) The first Audio Presentation Unit in the audio 
stream of TS2 includes a sample having a playback time that 
is equal to the start of the display period of the first picture in 
TS2 specified by Current PlayItem. 
0199 (3) There is no gap between the Audio Presentation 
Unit sequences at the connection point. This means that an 
overlap may occur between the Audio Presentation Unit 
sequences. However, Such an overlap should be shorter than 
the playback period of the two audio frames. 
(0200 (4) The first packet in TS2 should include the PAT 
(Program Allocation Table) that is immediately followed by 
one or more PMTs (Program Map Tables). When the PMT is 
larger than the payload of the TS packet, there may be two or 
more packets. The TS packet storing the PMT should also 
include PCR or SIT. This ends the description of an embodi 
ment regarding the recording medium of the present inven 
tion. 
0201 From now on, the playback device of the present 
invention will be described. 
0202 FIG. 22 shows the structure of the playback device 
200 as a typical playback device. The playback device 200 
includes a BD-ROM drive 1, a read buffer 2, a demultiplexer 
3, decoders 4, 5, 6, 7, plane memories 8a, 8b, 8c, an addition 
unit 8d., a user event processing unit 9a, and a data analysis 
executing unit 9b. 
0203 The BD-ROM drive 1 reads data from a BD-ROM 
disc in accordance with an instruction from the data analysis 
executing unit 9b, and stores the data into the read buffer 2. 
The data to be read from the BD-ROM disc may be index. 
bdmv, MovieObject.bdmV, PlayList information or the like, 
as well as AVClip. 
0204 The read buffer 2 is a buffer, achieved by a memory 
or the like, for temporarily storing a Source packet sequence 
that was read with use of the BD-ROM drive 1. 
(0205 The demultiplexer 3 demultiplexes the Source 
packet that was read into the read buffer 2. 
(0206. The decoders 4, 5, 6, 7 decode the AVClip and 
displays the decoded AVClip onto the screen of the display or 
the like. 
0207. The plane memories 8a, 8b, 8c store one screen of 
pixel data that is the decoding result output from the video 
decoder 4, the Interactive Graphics (IG) decoder 6, and the 
Presentation Graphics (PG) decoder 7. 
0208. The addition unit 8d combines the one screen of 
pixel data stored in the plane memories 8a, 8b and 8c, and 
outputs the combined data. This output provides a composite 
image where a menu is Superimposed on a moving image. 
0209. The user event processing unit 9a requests the data 
analysis executing unit 9b to perform a process in accordance 
with a user operation input via the remote control. For 
example, a button on the remote control is pressed down by 
the user, the user event processing unit 9a requests the data 
analysis executing unit 9b to execute a command correspond 
ing to the pressed button. 
0210. The data analysis executing unit 9b performs the 
operation wait control based on the Movie Object or BD-J 
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application recorded on the BD-ROM. The data analysis 
executing unit 9b includes a command processor for execut 
ing navigation commands that constitute the Movie Object, a 
JavaTM platform for executing the BD-J application, and a 
playback control engine. The playback control engine plays 
back the AVClip via the PlayList information, based on the 
results of executing PlayPL commands by the command pro 
cessor, or based on the API call by the platform unit. In the 
operation wait control, the command processor repeatedly 
executes the PlayPL command included in the Movie Object 
to repeatedly read the AVClip corresponding to each piece of 
PlayItem information and repeatedly feeding the AVClip into 
the video decoder 4 through the PG decoder 7, so that the 
playback of the background moving image is continued. The 
above-mentioned navigation command and the BD-J appli 
cation are executed in accordance with an operation on the 
remote control received by the user event processing unit 9a. 
With these executions, the playback of the AVClip, display 
switch between IG stream buttons, and the like are controlled. 
The video decoder 4, the audio decoder 5, the IG decoder 6, 
and the PG decoder 7 are also controlled. For example, when 
AVClipil 1 and AVClipi2 should be played back seamlessly, 
the reset request for the decoders is not issued after AVClipil 1 
is played back, but instead, AVClipi2 is transferred to the 
decoders immediately after the playback of AVClipii 1. 
0211 FIG. 23 shows the internal structure of the demulti 
plexer 3, the video decoder 4, the audio decoder 5, the IG 
decoder 6, and the PG decoder 7. 

<Demultiplexer 3> 

0212. As shown in FIG. 23, the demultiplexer 3 includes a 
source depacketizer 3a, a PID filter 3b, ATC counters 3c, 3d, 
addition units 3e, 3f, an ATC diff calculating unit 3g, and an 
STC diff calculating unit 3h. 
0213. The source depacketizer 3a extracts TS packets 
from Source packets constituting TS1 and TS2, and sends out 
the extracted TS packets. When sending out a TS packet, the 
source depacketizer 3a adjusts the time at which the TS 
packet is input into the decoder, inaccordance with the ATS in 
the TS packet, where the source depacketizer 3a performs this 
adjustment for each TS packet to send out. More specifically, 
the source depacketizer 3a transfers a TS packet to the PID 
filter 3b at the TS Recording Rate only when a value of ATC 
generated by the ATC counter 3c is identical with a value of 
ATS in the Source packet. 
0214. The PID filter 3b outputs, among the Source packets 
output from the Source depacketizer 3a, Source packets hav 
ing PID reference values written in the STN table in the 
PlayItem information, to the video decoder 4, the audio 
decoder 5, the IG decoder 6, and the PG decoder 7. Each of the 
decoders receives elementary streams via the PID filter 3b, 
and performs the process of decoding and playing back in 
accordance with the PCRs in TS1 and TS2. In this way, the 
elementary streams input into each decoder via the PID filter 
3b are decoded and played back in accordance with the PCRs 
in TS1 and TS2. 

0215. The ATC counter 3c is reset with use of an ATC of a 
Source packet which, among the Source packets constituting 
TS1 and TS2, is the initial one in the playback section, and 
then outputs ATCs to the source depacketizer 3a. 
0216) The ATC counter 3d is reset by PCRs of TS1 and 
TS2, and then outputs STCs. 
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0217. The addition unit 3e adds a predetermined offset to 
an ATC (ATC value 1) generated by the ATC counter 3c, and 
outputs the result value to the source depacketizer 3a. 
0218. The addition unit 3fadds a predetermined offset to 
an ATC (ATC value 2) generated by the ATC counter 3d, and 
outputs the result value to the PID filter 3b. 
0219. The ATC diff calculating unit 3g calculates and 
outputs an ATC diff to the addition unit 3e when ATC 
sequences change. The addition unit 3e obtains an ATC value 
(ATC2) of a new ATC Sequence by adding the ATC diff to 
the ATC value (ATC 1) generated by the ATC counter 3c. 
0220. The STC diff calculating unit 3h calculates and 
outputs an STC diff to the addition unit 3f when STC 
sequences change. The addition unit 3f obtains an STC value 
(STC 2) of a new STC Sequence by adding the STC diff to 
the current STC value (STC 1). 
0221 FIG. 24 shows the ATC diff (ATCDiff) and STC 
diff (STCDiff). The first row indicates the time axis of TS1. 
The third row indicates the time axis of TS2. TS1 includes 
STC1 end and PTS1 end shown in FIG. 21. On the other 
hand, TS2 includes STC2'end and PTS2'start. The arrows in 
the second row indicate copies from TS1 to TS2. More spe 
cifically, the arrow on the left-hand side of the drawing indi 
cates that STC2' end in TS2 is a copy point at which 
STC1' end of TS1 is copied into TS2. On the other hand, the 
arrow on the right-hand side of the drawing indicates that 
PTS2'start in TS2 is a copy point at which a time point 
(PTS1'end--Tpp), at which the time has advanced by Tpp 
since PTS1'end, is copied into TS2, where “Tpp” represents 
a gap between video frames. 
0222. The fourth row indicates an equation for calculating 
the ATCDiff and STCDiff. 

0223. The STCDiff is calculated based on the following 
equation. 

STCDiff=PTS1'end--Tipp+PTS2'start...STC2=STC1 
STCDiff 

0224 
equation. 

The ATCDiff is calculated based on the following 

ATCDiff = STC2'start - (STC1' end -STCDiff 
188 fts recording rate(TSI)) 

= STC2'start - (STC2' end - 1887 ts recording rate(TSL)) 
= 188 fts recording rate(TSI) + STC2°start -STC2' end 

0225. The ATCDiff calculated in the above-described 
manner is added to the ATC in the playback device when TS1 
and TS2 should be connected seamlessly, so that the buffer 
model does not break down on the time axis with the cor 
rected ATC. 

0226. When a piece of Play Item information includes 
connection condition information with CC=5 which indi 
cates a seamless connection, the ATC diff calculating unit 3g 
and the STC diff calculating unit 3h add ATC diff to the 
ATC, and add STC diff to the STC. With this structure, when 
an AVClip is read by a piece of PlayItem information and 
when an AVClip is read by the preceding piece of PlayItem 
information, the count value indicated by the ATC and the 
count value indicated by the STC can be made continuous to 
each other. This makes it possible for the demultiplexer 3 and 
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the video decoder 4 through PG decoder 7 to perform the 
demultiplexing process and the decoding processes seam 
lessly. 

<Video Decoder 42 

0227. The video decoder 4 includes a Transport Buffer 
(TB) 4a, a Multiplexed Buffer (MB) 4b, a Coded Picture 
Buffer (CPB)4c, a Decoder (Dec)4d, a Re-order Buffer (RB) 
4e, and a Switch 4f. 
0228. The Transport Buffer (TB) 4a temporarily stores TS 
packets of a video stream when they are output from the PID 
filter 3b. 
0229. The Multiplexed Buffer (MB)4b temporarily stores 
PES packets when the Transport Buffer (TB) 4a outputs a 
video stream to the Coded Picture Buffer (CPB) 4c. 
0230. The Coded Picture Buffer (CPB) 4c stores encoded 
pictures (I-pictures, B-pictures, P-pictures). 
0231. The Decoder (Dec) 4d obtains a plurality of frame 
images by decoding the encoded frame images contained in 
the video elementary stream, one at each predetermined 
decoding time (DTS) and writes the obtained frame images 
into a video plane 8a. 
0232. The Re-order Buffer (RB) 4e is used to re-order the 
decoded pictures, from the encoding order to the display 
order. 
0233. The switch 4f is used to re-order the pictures, from 
the encoding order to the display order. 

<Audio Decoder 5> 

0234. The audio decoder 5 includes a Transport Buffer 
(TB) 5a, a Buffer (Buf) 5b, and a Decoder (Dec) 5c. 
0235. The Transport Buffer (TB) 5a stores, in a first-in 
first-out manner, only TS packets having PIDs of audio 
streams to be played back, among the TS packets output from 
the PID filter 3b, and supplies the stored TS packets to the 
Decoder (Dec) 5c. 
0236. The Decoder (Dec) 5c converts the TS packets 
stored in the Buffer (Buf) 5b into PES packets, decodes the 
converted PES packets, obtains audio data in the LPCM, 
non-compression state, and outputs the obtained audio data. 
This achieves a digital output of an audio stream. 

<IG-Decoder 6> 

0237. The IG decoder 6 includes a Transport Buffer (TB) 
6a, a Coded Data Buffer (CDB) 6b, a Stream Graphics Pro 
cessor (SGP) 6c, an Object Buffer (OB) 6d, a Composition 
Buffer (CB) 6e, and a Graphics Controller (Ctrl) 6f. 
0238. The Transport Buffer (TB) 6a temporarily stores TS 
packets of an IG stream. 
0239. The Coded Data Buffer (CDB) 6b stores PES pack 
ets of an IG stream. 
0240. The Stream Graphics Processor (SGP) 6c decodes 
PES packets containing graphics data to obtain a bit map that 
is in a non-compression state and is composed of index col 
ors, and writes the bit map into the Object Buffer (OB) 6d as 
a graphics object. 
0241. The Object Buffer (OB) 6d stores the graphics 
object that was obtained through decoding by the Stream 
Graphics Processor (SGP) 6c. 
0242. The Composition Buffer (CB) 6e is a memory in 
which the control information for drawing the graphics data is 
stored. 
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0243 The Graphics Controller (Ctrl) 6fanalyzes the con 
trol information stored in the Composition Buffer (CB) 6e, 
and performs a control based on the result of the analysis. 

<PG Decoder 7s 

0244. The PG decoder 7 includes a Transport Buffer (TB) 
7a, a Coded Data Buffer (CDB) 7b, a Stream Graphics Pro 
cessor (SGP) 7c, an Object Buffer (OB) 7d, a Composition 
Buffer (CB) 7e, and a Graphics Controller (Ctrl) 7f 
0245. The Transport Buffer (TB) 7a temporarily stores TS 
packets of a PG stream when they are output from the source 
depacketizer 3a. 
0246 The Coded Data Buffer (CDB)7b stores PES pack 
ets of a PG stream. 

0247. The Stream Graphics Processor (SGP) 7c decodes 
PES packets containing graphics data to obtain a bit map that 
is in a non-compression state and is composed of index col 
ors, and writes the bit map into the Object Buffer (OB) 7d as 
a graphics object. 
0248. The Object Buffer (OB) 7d stores the graphics 
object that was obtained through decoding by the Stream 
Graphics Processor (SGP) 7c. 
0249. The Composition Buffer (CB) 7e is a memory in 
which the control information (PCS) for drawing the graphics 
data is stored. 

(0250. The Graphics Controller (Ctrl) 7fanalyzes the PCS 
stored in the Composition Buffer (CB) 7e, and performs a 
control based on the result of the analysis. 
0251 With the structure where the ATCDiff and STCDiff 
are added to the count values provided by the ATC counters 3c 
and 3d, values of the ATC Sequence in the Previous PlayItem 
and the ATC Sequence in the Current PlayItem are made 
continuous to each other, and values of the STC Sequence in 
the Previous PlayItem and the STC Sequence in the Current 
PlayItem are made continuous to each other. 
0252. Next will be described how the states of the read 
buffer and elementary buffer change after values of ATC and 
STC become continuous to each other. 

<State of Read Buffers 

(0253 FIG. 25 shows change in the state of the read buffer. 
In the drawing, the horizontal axis represents a time axis, and 
the vertical axis represents the amount of storage at each point 
in time. As shown in the drawing, the amount of Storage 
repeats a monotonic increase and a monotonic decrease, 
where the monotonic increase occurs while Source packets 
are stored into the read buffer, and the monotonic decrease 
occurs while Source packets are output from the read buffer. 
The Slant of line representing the monotonic increase is deter 
mined by a difference between (a) the transfer speed (Rud) at 
which the AVClip is read into the read buffer and (b) the 
transfer speed (Rmax) at which the AVClip is output from the 
read buffer, namely, the amount increases by (Rud-Rimax). It 
should be noted here that the AVClip is read from the drive 
with necessary pauses so that the data buffer does not over 
flow. 

0254 The monotonic decrease shown in the drawing 
occurs when the data reading from the optical disc stops. The 
Slant of line representing the monotonic decrease represents 
the transfer speed Rimax. Such a monotonic decrease occurs 
when an end Extent starts to be read immediately after a start 
Extent has been read, namely, when a jump occurs. 
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0255 If the read buffer 2 does not run out of AVCliph 1 
data during the jump, the end Extent starts to be read, with the 
amount of storage increasing at the speed of (Rud-Rimax) 
again. With this structure, the data transfer to the decoders is 
not interrupted, making it possible to perform a seamless 
playback. That is to say, to achieve the seamless playback, a 
continuous data Supply is required. To ensure the continuous 
data supply, the size of the end Extent before the jump needs 
to be large enough so that the data stored in the read buffer 
keeps to be sent to the decoders. 
0256 Next will be described the method and conditions 
for setting the physical disc arrangement to achieve a.seam 
less connection of AVClips in the BD-ROM. This will be 
described with reference to FIG. 25. 
0257 To connect AVClips seamlessly, the arrangement of 
Extents constituting each AVClip should be set so that the 
conditions for the seamless connection are satisfied. The 
Extents should be arranged so that each AVClip is connected 
seamlessly. For this purpose, Extents are arranged such that 
each Extent in each AVClip can be played back seamlessly, as 
an independent AVClip. At the same time, the start Extent and 
the end Extent in one AVClip are arranged such that the start 
Extent and the end Extent each can jump to the other. More 
specifically, the size of each of the start and end Extents is set 
to be equal to or larger than a predetermined minimum size. 
Also, the distance of a jump from one to the other is set not to 
exceed a maximum jump distance "Sjump max. For 
example, in the case shown in FIG. 18, the size of the first 
Extent of the AVClip is set to be equal to or larger than a 
minimum Extent size that is determined by taking into 
account the jump distance to the end portion. At the same 
time, the distance of a jump from the end portion of the second 
Extent to the start portion of the first Extent is set to be equal 
to or Smaller than the maximum jump distance "Sjump 
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0258 Similarly, the size of the second Extent of the 
AVClip is set to be equal to or larger than a minimum Extent 
size, and the distance of a jump from the end portion of the 
second Extent to the start portion is set to be equal to or 
Smaller than the maximum jump distance "Sjump max”. 
0259. As understood from the above description, the 
seamless playback can be ensured by setting the Extent length 
to be enough to keep the read buffer 2 from running out of data 
stored therein during the “Tjump”. The size of Extent that 
ensures the seamless playback is represented by the following 
equation. 

(Sextentx8)/(Sextenix8/Rud-Tiump)>=Rmax (1) 

0260. In the Equation (1), “Sextent” represents the size of 
Extent in bytes, "Tump' represents, in seconds, the maxi 
mum jump time injumping from one start Extent to the next 
end Extent, “Rud’ represents a speed at which the AVClip is 
read from the disc, and “Rimax’ represents, in a unit of bits/ 
second, the bit rate of the AVClip. It should be noted here that 
“8” is multiplied with Sextent for the purpose of byte/bit 
conversion. Hereinafter, the minimum value of the Extent 
size that ensures the seamless playback, which is calculated 
with use of Equation (1), is defined as the minimum Extent 
S17C. 

0261 However, since there is a limitation to the size of the 
read buffer 2, limited as well is the maximum jump time for 
the seamless playback in the state where the read buffer 2 
stores data to the full. For example, when the read buffer 2 
stores AVClip data to the full by reading data from the start 
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Extent, the seamless playback is not performed since the 
distance to the next Extent is too large to Sucha extent that the 
buffer runs out of data before a jump to the end Extent is made 
and the data starts to be read therefrom. The maximum jump 
time that ensures the seamless playback is defined as the 
maximum jump time "Tump max’, and the maximum data 
size that can jump within the maximum jump time is defined 
as maximum jump size "Sjump max'. The maximum jump 
size is determined based on a predetermined standard or the 
like, from the read buffer 2, bit stream, drive access speed and 
the like. 

<Temporal Transition of Elementary Bufferd 
0262 FIG. 26 shows the temporal transition of storage in 
the elementary buffer in the video decoder. The upper row of 
the drawing shows the temporal transition of the amount of 
storage in the elementary buffer when the stream is read 
during a playback by the Previous PlayItem. The lower row of 
the drawing shows the temporal transition of the amount of 
storage in the elementary buffer when the stream is read 
during a playback by the Current PlayItem. 
0263. The following describes how to read the graphs 
shown in the upper and lower rows of the drawing. The 
horizontal axis represents a time axis, and the vertical axis 
represents the amount of storage at each point in time. As 
shown in the drawing, the temporal transition of the amount 
of storage in the elementary buffer forms a sawtooth wave in 
the graph. 
0264. The “t in start” represents a time at which the input 
of the start picture data into the elementary buffer starts. 
0265. The “t in end represents a time at which the input 
of the last picture data into the elementary buffer ends. 
0266 The “t out end represents a time at which the out 
put of the last picture data from the elementary buffer ends. 
0267. The “Last DTS represents a time at which decod 
ing of the last picture data ends. 
0268. The “First DTS represents a time at which decod 
ing of the first picture data ends. 
0269. In the time period from t in start to t in end, inputs 
into and outputs from the elementary buffer are performed 
concurrently. The sawtooth wave in this time period indicates 
both (a) the monotonic increase in the amount of storage in 
the buffer due to reading of picture data into the elementary 
buffer and (b) the monotonic decrease in the amount of stor 
age in the buffer due to extraction of picture data from the 
elementary buffer. The slant of line indicates “Rbx1 that 
represents a speed of transfer to the elementary buffer. 
0270. In the time period from t in end to t out end, only 
outputs from the elementary buffer are performed. The stair 
case wave in this time period indicates the monotonic 
decrease in the amount of storage in the buffer due to extrac 
tion of picture data from the elementary buffer. 
0271. With the above-described structure where ATCDiff 
and STCDiffare added to ATC Sequence and STC Sequence, 
t in end in playback according to Previous PlayItem 
matchest in start in playback according to Current Play 
Item. Also noted is presence of First DTS that follows Last 
DTS with one frame therebetween. Such a match might cause 
a buffer overflow. 
0272 That is to say, in a seamless playback of AVClips by 

first Previous PlayItem and then by Current PlayItem, the 
amount of code to be assigned to AVClip should be deter 
mined by assuming the state where some data of AVClip to be 
played back by Previous PlayItem still remains in the elemen 
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tary buffer. That is to say, in the connection state of connec 
tion condition=1, data creation should be started on the 
assumption that the buffers have no data. However, when an 
AVClip to be played back in connection condition=5 is to be 
created, creation of AVClip to be played back by Current 
PlayItem should be started on the assumption that in the initial 
state, some data of AVClip to be played back by Previous 
PlayItem still remains in the elementary buffer. 
0273. In the case of AVClip for a moving image menu, the 
moving image menu AVClip should be created Such that the 
decodermodel does not breakdown, on the assumption that in 
the initial state, the buffer is in the state immediately after 
decoding of the end portion of the AVClip has been com 
pleted. 
0274 For this reason, the moving image menu AVClip is 
multiplexed Such that a resultant value of Subtracting t in 
end from t out end becomes equal to time period “T” in the 
transition of amount of video data of AVClip stored in the 
elementary buffer referred to by Previous PlayItem. The time 
period T may be varied for each AVClip, or may be set to a 
fixed value. 
(0275. The t in start in AVClip for Current PlayItem is set 
to be close to t in end in AVClip for Previous PlayItem. 
Accordingly, the amount of code should be assigned to the 
time period from time periodT throught out start so that the 
Succeeding video dada is played back seamlessly. For 
example, the amount of code should be assigned so that the 
buffer upper-limit value “B max’ is satisfied. For such an 
assignment of amount of code, the input-limiting straight line 
is used. The input-limiting straight line is used for assigning 
the amount of code at a rate lower than bit rate RbX1 with the 
elementary buffer. 
0276 FIG. 27 shows the temporal transition of free capac 

ity and amount of storage in the elementary buffer. The upper 
row of the drawing shows the temporal transition of the free 
capacity of the elementary buffer when the stream is read 
during a playback by the Previous PlayItem. The lower row of 
the drawing shows the temporal transition of the amount of 
storage in the elementary buffer when the stream is read 
during a playback by the Current PlayItem. 
0277 FIG. 28 shows the input-limiting straight line. The 
input-limiting straight line is obtained by calculating a 
straight line that passes the data input end time (t in end) and 
meets the sawtooth wave that indicates the buffer free capac 
ity. 
0278. When the amount of code assigned to the start por 
tion of the stream is equal to or Smaller than the input-limiting 
straight line, the elementary buffer does not overflow even if 
data is read from the stream according to the Current PlayItem 
during the input period corresponding to the Previous Play 
Item. 

0279 FIG. 29 shows the temporal transition of storage in 
the elementary buffer when t in end in playback according 
to Previous PlayItem and t in start in playback according to 
Current PlayItem are set to match each other on the same time 
axis. With such a match, the repetitive playback of the same 
AVClip according to one piece of PlayItem information is 
performed seamlessly. 
0280 Having been described up to now is a basic assign 
ment of code to a video stream. However, the basic principle 
should be changed when it is applied to the case where an 
audio stream is multiplexed in the AVClip. This is because the 
audio stream has properties that it is Smaller than the video 
stream in buffer size and in gap between frames. Due to Such 
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properties, the completion of audio data transfer to the buffer 
delays, and this delay makes the value of vbv delay of video 
smaller than what it should be. 
0281 FIG. 30 shows the temporal transition of storage in 
the video and audio buffers, with relationships therebetween. 
The first row of the drawing shows the temporal transition of 
storage in video stream when the Previous PlayItem and 
Current PlayItem are continuous, and the second row shows 
the temporal transition of storage in audio stream when the 
Previous PlayItem and Current PlayItem are continuous. The 
first row is based on FIG. 26, but the reference signs have 
partially been changed. More specifically, “t in start has 
been replaced with “V1 start”; “t in end has been replaced 
with “V1 end”; “Last DTS has been replaced with “V1 
DTS1’’; and “First DTS has been replaced with “V2 DTS1’. 
0282. As shown in the second row that the temporal tran 
sition of audio stream storage in the elementary buffers 
repeats a monotonic increase and a monotonic decrease, 
where the monotonic increase occurs while the audio data is 
supplied to the elementary buffer, and the monotonic 
decrease occurs while the audio data is extracted from the 
elementary buffer. In the drawing, “A1 end represents the 
time at which the audio data transfer ends. It is understood 
from the drawing that, due to the properties that the audio data 
is smaller than the video data in buffer size and in gap between 
frames, the end of audio data transfer (A1 end) lags far 
behind V1 end. Due to this delay of the end of audio data 
transfer to the buffer, the start of video data transfer by Cur 
rent PlayItem delays to a great extent. 
(0283. It is supposed here that “V2 DTS1’ represents the 
initial decoding time by Current PlayItem, and that “V2 
start” represents the time at which the transfer to the buffer by 
Current PlayItem starts. Then, the buffering time (vbV de 
lay), namely the time period from the start of transfer to the 
buffer to the decoding end by Current PlayItem is represented 
by the following equation. 

vby delay= V2 DTS1-V2 start 

0284. This indicates that due to the delay of the end of 
audio data transfer to the buffer, the value of vbv delay in 
video transfer by Current PlayItem becomes smaller. 
0285) To solve this problem, a value of vbv delay is 
obtained based on the audio attribute, overhead of the trans 
port stream (TS) and the like, and the connection-destination 
video (in the present example, the start portion of AVClip to 
be played back by Current PlayItem) is encoded by using the 
obtained value. 
0286 The following describes how to calculate the value 
of vbv delay. 
0287 (1) The audio transfer delay is obtained. The Ade 
lay” shown in the second row of FIG. 30 represents a specific 
example of the transfer delay. 
0288 Audio transfer bit rate (bps): Abitrate 
(0289. Audio buffer size (bits): Abufsize 
0290 Time required for storing audio data into buffer: 
0291 Adelay=Abufsize/Abitrate 
0292. As shown in the second row of FIG. 30, a target 
value “VBV delay” can be obtained by subtracting 
“Vframe” and “Aoverlap' from the value of “Adelay, which 
are obtained as follows. 
0293 (2) The overhead in conversion into TS is obtained. 
0294 Clipi1 has a limitation to 6 KB Alignment. 
0295) This is because it is necessary to inserta Null packet 
of (6 KB/192)*188 at most into the end portion of Clipii1. 
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0296. The start portion of Clipii1 requires a system packet 
of 4*188 bytes. 

TSOverhead = (6 : 1024f 192: 188+ 4:188)/Ts recording rate 
= 36: 188/Ts recording rate 

0297 (3) The audio overlapping section is obtained. The 
“Aoverlap' in the second row of FIG. 30 represents the audio 
overlapping section. Here, the worst case is Supposed. Then, 
the audio worst overlapping section is one (“1”) frame. There 
fore, the worst overlapping section can be obtained by the 
following calculation. 

Aoverlap (the number of samples) (sampling fre 
quency) 

0298 (4) A difference “Vpts1-dts1” between the first 
DTS of video and PTS. The value is equivalent with one gap 
between video frames, and is determined by the video frame 
rate. The “Vrame' shown in the second row of FIG. 30 rep 
resents a specific example value of “Vpts1-dts1”. 

Vpts1-dis1=1/(video frame rate) 

0299. As described above, the target value “VBV delay” 
can be obtained by subtracting “Vframe' and Aoverlap' 
from the value of Adelay. It is therefore possible to calcu 
late VBV delay from the following equation. 
0300. Obtain the value of: 

VBV delay=Adelay-TSOverhead-Aoverlap-Vpis1– 
dis1 

0301. It should be noted here that when a plurality of audio 
are included in the TS, the above-described smallest value is 
applied. 
0302) Here, a value of vbv delay will be calculated on the 
presumption that the following audio streams (Audio1, 
Audio2) respectively having the following two bit rates are 
multiplexed in an AVClip. 
0303) Audio1=AC3: 448 kbps, sampling frequency=48 
KHZ, the number of samples: 1536 
0304 Audio2=DTS: 1509 kbps, sampling frequency=48 
KHZ, the number of samples: 512 
0305 TS recording rate=48 Mpbs 
0306 Video Frame Rate=24 Hz 
0307 1. First of all, VBV delay of Audio 1 is as follows. 
0308 Adelay=18640*8/448000–0.3328 
0309 TSOverhead=36*188/6000000–0.0012 
0310 Aoverlap=1538/48000–0.0320 
0311 Vpts1-dts1=1/24=0.0416 
0312 VBV Delay=0.3328-0.0012-0.0320-00416–0. 
2580 
0313 2. Secondly, VBV delay of Audio2 is as follows. 
0314) Adelay=43972*8/1509000–0.2331 
0315 TSOverhead=36*188/6000000–0.0012 
0316 Aoverlap=1538/48000–0.0106 
0317 Vpts1-dts1=1/24=0.0416 
0318 VBV Delay=0.233-0.0012-0.0106-00416=0. 
1796 

0319. The results of these calculations show that Audio2 is 
smaller than Audio 1 in VBV delay, and thus the value of 
VBV delay of Audio2 is adopted for the encoding. 
0320. After vbv delay is calculated as described above, a 
Source packet is obtained by attaching ATSs to the TS packets 
respectively storing video data and audio data Such that the 
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time (V2 DTS1 vbv delay), which is obtained by subtract 
ing vbv delay from V2 DTS1, is indicated. This makes it 
possible to play back AVClips by Previous PlayItem and 
Current PlayItem. 
0321. The amount of code that can be assigned to the video 
stream depends on the input rate of vbV delay and the 
elementary buffer. Accordingly, when vbv delay is short, it is 
necessary to decrease the amount of code to be assigned to the 
video stream. FIG. 31 shows the temporal transition of stor 
age in the elementary buffer for video stream before and after 
the change to the amount of code assignment, for comparison 
therebetween. Originally, time points at which video is 
decoded or video or audio is played back should align at 
regular intervals (as in gaps between saw tooth waves or 
staircase waves). It should be noted here that these gaps are 
not represented at regular intervals in the drawing, for the 
sake of conveniences. In the drawing, the dotted line indicates 
the temporal transition of storage before the change to the 
amount of code assignment, and the solid line indicates the 
temporal transition of storage after the change to the amount 
of code assignment. The temporal transition of storage indi 
cated by the dotted line is the same as that shown in FIG. 29. 
0322. As understood from the drawing, the temporal tran 
sition of storage is reduced as a whole since vbv delay has 
been set to a small value. In this way, when a video stream is 
encoded, vbv delay is adjusted by taking into account the 
audio input to the elementary buffer, and then based on this, 
the amount of code assignment is changed. Accordingly, the 
elementary buffer in the decoder does not break down even if 
one AVClip is repeatedly subjected to the decoder according 
to a plurality of pieces of PlayItem. 
0323. The above-provided description with reference to 
FIGS. 26 through 31 also indicates the achievement of 
“2-path encoding. The 2-path encoding is composed of 
executions of the first and second paths: in the first path, the 
Video stream is encoded using a provisional amount of code: 
and in the second path, the amount of code is re-calculated 
using the value of vbv delay. After the execution of the first 
path, the value of vbv delay is obtained so that data of both 
the video and audio streams can be read into the elementary 
buffer. Then, based on the obtained value of vbv delay, the 
amount of code to be assigned to the video stream is calcu 
lated in the second path. With this structure, the buffer model 
in the playback device does not breakdown even if an AVClip 
for a moving image menu is repeatedly playedback according 
to 999 pieces of PlayItem information. It is therefore possible 
to achieve a playback process unique to a moving image menu 
where an AVClip is repeatedly played back seamlessly 
according to 999 pieces of PlayItem information. 
0324 FIG.32 shows a specific example of a moving image 
menu. In FIG. 32, the first row indicates a time axis covering 
the whole PlayList. The second row indicates a plurality of 
pictures to be displayed with the menu AVClip. The third row 
indicates the first three pieces of PlayItem information (Play 
Itemi 1, PlayItemi2. PlayItemi3) among 999 pieces of Play 
Item information constituting the PlayList information. The 
drawing indicates that through the time axis covering the 
whole PlayList, a same set of images with messages ("Please 
Select that urges the viewer to select Title#1 or Title#2, and 
“These Titles Are Playable!”) is repeatedly displayed, where 
the set of images is displayed once during a time period from 
00:00 to 01:00, a second time during a time period from 01:00 
to 02:00, and similarly thereafter. 
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0325 The repetitive display is performed in accordance 
with a plurality of pieces of PlayItem information in the 
PlayList information. Further, the pictures shown in the sec 
ond row of FIG. 32 is seamlessly played back since the 
connection condition information is set as "connection con 
dition=5”, defining the connection state of the pieces of Play 
Item information. 
0326. As described above, in the present embodiment,999 
pieces of PlayItem information are provided in the PlayList 
information, and the connection state of the pieces of Play 
Item information is defined as “connection condition=5'. 
With this structure, there is no occurrence of a stop of a 
moving image or disappearing of buttons or a Subtitle while 
the 999 pieces of PlayItem information are executed in a 
circumstance where Such a stoppage of a moving image or 
disappearing of buttons or a Subtitle occurs between execu 
tions of a command instructing a playback of a digital stream 
and a jump command instructing to repeat executing the 
command. When the digital stream is, for example, one 
minute long, a playback of the digital stream as a moving 
image menu is not interrupted for 999 minutes=16.5 hours. 
Namely, when the jump command is executed to repeat the 
execution of the playback command, an interruption to the 
playback occurs once in 16.5 hours. This enables an input 
wait state to be continued for a long period in time without 
interruption to the playback. 
0327 Furthermore, since the continuous playback accord 
ing to the present embodiment requires little increase in 
capacity of the recording medium, it is possible to meet the 
practical demand of achieving a seamless playback of a mov 
ing image menu without reducing a large capacity of the 
recording medium. 

Embodiment 2 

0328. In Embodiment 1, only one AVClip is prepared as 
shown in FIG. 17. In Embodiment 2, two AVClips are pre 
pared, and the PlayItem information is set such that the two 
AVClips are repeatedly played back. FIG.33 shows the struc 
ture of a moving image menu in Embodiment 2. The first row 
from bottom indicates AVClipil 1 and AVClipi2 that are 
AVClips for a moving image menu. The second row from 
bottom indicates PlayList information. As is the case with 
Embodiment 1, the PlayList information has 999 pieces of 
PlayItem information. AvClipil 1 is set in PlayItem informa 
tion having odd numbers in the order of arrangement of the 
999 pieces (PlayItem information #1, #3, #5 in the drawing), 
and AVClipi2 is set in PlayItem information having even 
numbers (PlayItem information #2, #4, #6 in the drawing). 
0329 Such settings give versatility to the structure of 
AVClip, and enable the structure of AVClip to be changed in 
accordance with the intention of the content maker. For 
example, as shown in FIG. 33, it is possible to provide a 
combination of different AVClips Such as 
AVClipii1->AVClipi2->AVClipii1->AVClipii.2, as well as a 
simple playback of AVClip in loop. 

Embodiment 3 

0330. In Embodiment 1, only one AVClip is prepared as 
shown in FIG. 17. In Embodiment 3, three AVClips are pre 
pared so that a moving image menu with a multi-angle section 
can be provided. 
0331 FIG. 34 shows three AVClips (AVClipil 1, 
AVClipi2, AVClipi3) that constitute the multi-angle section. 
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The first row of the drawing indicates the three AVClips 
(AVClipil 1, AVClipi2, AVClipi3), and the second row indi 
cates the Extent arrangement in the BD-ROM. As shown in 
the first row, AVClipii1 is composed of three Extents A0, A1 
and A2, AVClipi2 is composed of three Extents B0. E1 and 
B2, and AVClipi3 is composed of three Extents C0, C1 and 
C2. As shown in the second row, these Extents are arranged on 
the BD-ROM in a cyclic al 
AO-sBO-sCO-sA1-sB1-sC1-sA2-sB2-sC2. 
0332. In arranging the AVClip Extents constituting the 
multi-angle section onto the disc, the size and the jump dis 
tance of the Extents are adjusted so that a seamless connection 
to the first Extent of the first AVClip of the multi-angle section 
is possible. 
0333 For example, in the case of FIG.34, the position and 
size of the Extents are determined so that the end Extents A2, 
B2, and C2 of AVClipii1, AVClipi2, and AVClipi3 can jump 
to any of the first Extents A0, B0, and C0 of AVClipii1, 
AVClipi2, and AVClipi3. More specifically, all combina 
tions of the end Extents and the first Extents are obtained, and 
the Extents are arranged such that any of the combinations 
does not exceed the maximum jump distance, and the size of 
each Extent is set to a value that is equal to or larger than the 
minimum Extent size described in Embodiment 1. 
0334 FIG.35 shows the structure of the PlayList informa 
tion for a moving image menu with a multi-angle section. As 
is the case with Embodiment 1, the PlayList information of 
the present embodiment has 999 pieces of PlayItem informa 
tion. The first row indicates the first two pieces of PlayItem 
information (PlayItemi 1, PlayItemi2) among the 999 pieces 
of PlayItem information. As described in Embodiment 1, the 
PlayItem information has one or more pieces of “Clip Infor 
mation file name that indicate AVClips as destinations of 
settings in In time and Out time. The Clip Information 
file name can uniquely specify. AVClips that corresponds to 
the PlayItem information. The PlayItem information has 
“Multi clip entries” as well as “Clip Information file 
name'. It is possible to specify other AVClips that constitute 
the multi-angle section by writing to the Clip Information 
file name in the Multi clip entries. In each of the two pieces 
of PlayItem information shown in FIG. 35, the two pieces of 
Clip Information file name in Multi clip entries specify 
AVClipi2 and AVClipi3, and the Clip Information file 
name outside the Multi clip entries specifies AVClipii 1. The 
multi-angle section is composed of a plurality of AVClips that 
indicate menu images respectively. When each of the 
AVClips constituting the multi-angle section includes an IG 
stream, the user can selectively play back the IG streams in 
the three AVClips by operating the remote control for an angle 
Switch. This achieves a seamless Switching among moving 
image menus. 

Embodiment 4 

0335 Embodiment 4 describes a form in which the record 
ing device of the present invention is implemented. 
0336. The recording device described here is an authoring 
device and is installed in a studio for use by the authoring staff 
for distribution of a movie content. In the use form of the 
recording device of the present invention, the device is oper 
ated by the authoring staff to generate digital streams that 
have been compress-encoded conforming to the MPEG stan 
dard, to generate a scenario which shows how to playback the 
movie title, and to generate a volume image for the BD-ROM 
including the generated data. 
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0337 FIG.36 shows the internal structure of the recording 
device of the present invention. As shown in FIG. 36, the 
recording device of the present invention includes a title 
structure generating unit 10, a BD scenario generating unit 
11, a reel set editing unit 16, a JavaTM programming unit 20, 
a material generating/importing unit 30, a disc generating unit 
40, a verification unit 50, and a master generating unit 60. 
0338 Conventional recording devices for authoring have a 
problem that a task of editing a JavaTM program and a task of 
generating AVClips or scenario cannot be executed in paral 
lel. In view of this problem, the recording device of the 
present invention has adopted a structure where a JavaTM 
program generating unit and a scenario generating unit are 
separated from each other. The structure will also be 
described in the following. 

1) Title Structure Generating Unit 10 
0339. The title structure generating unit 10 determines 
structural elements of each title indicated by Index.bdmv. 
When a BD-ROM disc is generated, the title structure should 
be defined by using the structural elements. The title structure 
generated by this unit is used by the reel set editing unit 16, the 
BD scenario generating unit 11, the JavaTM programming unit 
20, and the material generating/importing unit 30. With this 
arrangement where the title structure is defined in the first step 
of the authoring process, it is possible to execute, in parallel, 
a plurality of tasks that use the reel set editing unit 16, the BD 
scenario generating unit 11, the JavaTM programming unit 20, 
and the material generating/importing unit 30. The mecha 
nism for executing the processes in parallel will be described 
later. 
0340 FIG. 37 shows an example of the data structure of 
the title structure information generated by the title structure 
generating unit 10. The title structure information has a tree 
structure. Disc name node "Disc XX”, which is the top item of 
the tree structure, indicates a disc name for identifying the 
disc. The disc name node "Disc XX is connected to nodes 
“Title List”, “PlayList List”, and “BD-J Object List”. 
0341 The node “Title List is a prototype of index.bdmv, 
and has thereunder nodes “FirstPlay”, “TopMenu. 
“Title#1", and “Title#2. These are title nodes, namely, nodes 
corresponding to the titles recorded on the BD-ROM. The 
title nodes respectively correspond to the titles indicated by 
index.bdmV eventually. The title names (“FirstPlay”, “Top 
Menu”, “Title#1", and “Title#2) attached to the nodes are 
reserved words. 
0342. The title nodes respectively have thereunder nodes 
“Play MainPlayList”, “PlayMenuPlayList”, “Main JavaTM 
Object', and “Play MainPlayList. These nodes respectively 
define how the titles operate, and each have a command name 
such as “Play', a method name such as “JavaTM, and a target 
being an argument. 
0343. In the case of the command “Play', the argument 
indicates the name of the PlayList to be played back in the 
title. A PlayList identified by the name of the PlayList is 
defined under the node “PlayList'. When the command is 
“JavaTM, the argument indicates the name of BD-JObject to 
be executed in the title. ABD-J Object identified by the name 
of the BD-J Object is defined under the node “BD-J Object 
List. 
0344) The node “PlayList List” has thereunder nodes 
“MenuPlayList” and “MainPlayList”. These nodes are nodes 
of PlayList, and their names “MenuPlayList and “MainPlay 
List are reserved words. The nodes “MenuPlayList and 
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“MainPlayList” have thereunder nodes “file name 00001” 
and “file name 00002, respectively. These are PlayList file 
nodes. In the example shown in FIG. 37, these PlayList files 
have been assigned with specific file names, "00001 and 
"00002, which are assigned as they are stored onto the BD 
ROM. It should be noted here that the PlayList information is 
not set by the title structure generating unit 10, but is set by the 
BD scenario generating unit 11. 
(0345. The node “BD-JObject List” has thereunder a node 
“MainlavaTM Object”. The name “MainlavaTM Object” is a 
reserved word. The node “MainlavaTM Object' has thereun 
der a node “file name 00001'. This is a node of a BD-JObject 
file. The specific file name "00001 is assigned as it is stored 
onto the BD-ROM. It should be noted here that the BD-J 
Object is not set by the title structure generating unit 10, but 
is set by the JavaTM importing unit 35. 

2) BD Scenario Generating Unit 11 
0346. The BD scenario generating unit 11 generates a 
scenario using the title structure information generated by the 
title structure generating unit 10, inaccordance with an opera 
tion received from the authoring staff via the GUI, and out 
puts the generated scenario. The term "scenario’ used here 
means information that that causes the playback device to 
perform a playback in units of titles when playing back the 
digital streams. For example, information “Index Table'. 
“MovieObject”, and “PlayList” having been described in the 
embodiments are scenarios. The BD-ROM scenario data 
includes material information, playback path information, 
menu screen arrangement, and menu transition condition 
information, which constitute the stream. Also, the BD-ROM 
scenario data output from the BD scenario generating unit 11 
includes a parameter that is used for achieving the multiplex 
ing by a multiplexer 45, as will be described later. The BD 
scenario generating unit 11 includes a GUI unit 12, a menu 
editing unit 13, a PlayList generating unit 14, and a Movie 
Object generating unit 15. 

GUI Unit 12> 

0347 The GUI unit 12 receives operation for editing the 
BD scenario. FIG. 38 shows an example of the GUI screen 
when the menu screen structure is set. The GUI shown in FIG. 
38 includes a screen structure setting pane 2501 and a moving 
image property pane 2502. 
0348. The screen structure setting pane 2501 is a GUI part 
for receiving, from the authoring staff, an operation for set 
ting the arrangement or structure of button images on the 
menu. For example, the authoring staff can read a still image 
of a button, display the image on the screen structure setting 
pane 2501, and perform drag and drop operation to setting the 
position of the button on the screen. 
0349 The moving image property pane 2502 is provided 
to receive settings for a reel set file for a background moving 
image of the menu. More specifically, it includes a path name 
"data/menu/maru/imaru.reelset of the reel set file, and a 
check box for receiving a specification of whether or not 
"seamless' should be set. 
0350 Abutton transition condition pane 2503 is generated 
for each button, displays directions available with a cross 
shape key on the remote control, displays transition destina 
tion buttons corresponding to specified directions, and urges 
the authoring staff to set transition destinations of the buttons 
of when transition directions are specified using the cross 
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shape key. For example, in the example shown in FIG. 38. 
buttons for receiving selections of Title#1 (Title#1 button) 
and Title#2 (Title#2 button) are combined with the picture. In 
this GUI example shown in FIG. 38, a button transition con 
dition pane 2503 is generated for each of the Title#1 button 
and Title#2 button. In the button transition condition pane 
2503 for the Title#1 button, the transition conditions are set 
Such that, when the right-hand side of the cross-shape key is 
pressed, the button transits to Title#2, and that, when the 
left-hand side of the cross-shape key is pressed, the button 
transits to Title#2, as well. 
0351. In the button transition condition pane 2503 for the 
Title#2 button, the transition conditions are set such that, 
when the right-hand side of the cross-shape key is pressed, the 
button transits to Title#1, and that, when the left-hand side of 
the cross-shape key is pressed, the button transits to Title#1, 
as well. 

<Menu Editing Unit 13> 
0352. The menu editing unit 13, according to an operation 
received from the authoring staff via the GUI unit 12, 
arranges buttons constituting the IG Stream and generates 
functions such as a button animation and a navigation com 
mand to be executed when abutton is confirmed. 
0353 When generating a scenario of the data structure of 
the seamless moving image menu described above, the menu 
editing unit 13 receives a selection of an image that should be 
played back seamlessly as a background image of the menu. 
<PlayList generating unit 14> 
0354. The PlayList generating unit 14 generates PlayList 
information having a play item sequence composed of 999 
pieces of PlayItem information, based on the user operation 
received by the GUI unit 12, after having set the contents of 
the PlayList list of the title structure information. In doing 
this, the PlayList generating unit 14 generates a PlayList So as 
to conform to the data structure of the seamless moving image 
menu. Also, the PlayList generating unit 14 adjusts the num 
ber of pieces of PlayItem information so that it matches the 
number of AVClips, and sets the Connection condition infor 
mation in the PlayItem information. More specifically, the 
PlayList generating unit 14 sets the number of pieces of 
PlayItem information to 999, and sets the Connection con 
dition information to “CC=5” indicating that an AVClip and 
another AVClip should be played back seamlessly in accor 
dance with a piece of PlayItem information and another piece 
of PlayItem information that is immediately before it. In 
connection with Such a setting of the Connection condition 
information, AVClip connection information is generated as a 
parameter to be used as the multiplexer 45 achieves multi 
plexing. Each piece of AVClip connection information has a 
node corresponding to an AVClip, and has items “Prev” and 
“Next for the node. The nodes contained in a plurality of 
pieces of AVClip connection information symbolically rep 
resent, on a one-to-one basis, AVClips that are played back 
continuously according to the PlayItem information con 
tained in the PlayList information. These nodes have the 
items “Prev' and “Next as detailed items. 
0355 FIG.39 shows how the AVClip connection informa 
tion is described when the three AVClips shown in FIG.32 are 
generated. As described above, AVClipii1 is an AVClip for a 
moving image menu. Accordingly, AVCliph 1 is set in both the 
items “Prev” and “Next'. On the other hand, AVClipi2 and 
AVClipi3 constitute normal movie works. Therefore, for 
AVClipi2, “- -, which indicates no specification, is 
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described in the item “Prev”, and “AVClipi3” is described in 
the item “Next”. Also, for AVClipi3, “AVClipi2 is 
described in the item “Prev', and "--' is described in the item 
“Next''. The AVClip connection information is generated for 
each AVClip sequence referred to by the PlayList. 
0356. When the authoring staff checks the check box of 
the moving image property pane 2502, the items “Next' and 
“Prev' of the AVClip connection information are set to indi 
cate the own AVClic as the AVClic to be connected seam 
lessly. That is to say, both the items “Next' and “Prev' for the 
seamless connection node are set to AVClicit 1. With such 
setting, it is possible to cause the multiplexer 45 to perform 
the multiplexing process for the seamless moving image 
C. 

<Movie Object generating unit 15> 
0357 The Movie Object generating unit 15 generates a 
Movie Object upon receiving a program description from the 
authoring staff. The program description is generated as the 
authoring staff describes the navigation command defined in 
the BD-ROM standard. Especially, the Movie Object gener 
ating unit 15 causes the playback device to control the state of 
waiting for a user operation by describing into the BD-Jobject 
the Jump command that repeatedly execute the PlayPL com 
mand. 

3) Reel Set Editing Unit 16 

0358. The reel set editing unit 16 sets the reel set based on 
the user operation. The reel set is a set of information that 
indicates relationships among a plurality of elementary 
streams, such as streams of video, audio, Subtitle, and button, 
that complete themselves as a movie. By defining the reel set, 
it is possible, for example, to specify that one movie is com 
posed of one piece of video, two pieces of audio, three pieces 
of subtitle, and one button stream. Also, the reel set editing 
unit 16 has a function to specify a director's cut that is differ 
ent from the original version of a movie only in part, and a 
function to set a multi-angle to have a plurality of angles. The 
reel set file output from the reel set editing unit 16 is a set of 
the above-described information. 
4) JavaTM programming unit 20 
0359. The JavaTM programming unit 20 includes an ID 
class generating unit 21, a JavaTM program editing unit 22, 
and a BD-J object generating unit 23. 

<ID Class Generating Unit 21> 
0360. The ID class generating unit 21 generates an ID 
class source code using the title structure information gener 
ated by the title structure generating unit 10. The ID class 
source code is a source code of a JavaTM class library with 
which a JavaTM program accesses the Index.bdmvor the Play 
List information that are finally created on the disc. A JavaTM 
class library obtained by compiling the ID class source is 
referred to as an ID class library. FIG. 40A shows an example 
of a source code of a header file for accessing the PlayList of 
the ID class source code. The class PlayListID has been 
designed and implemented Such that it has a constructor that 
read a predetermined PlayList file from the disc by specifying 
the PlayList number, and an AVClip or the like can be played 
back by using an instance generated by executing the con 
structor. As is the case with MainPlaylist or MenuPlaylist 
shown in FIG. 40A, the ID class generating unit 21 defines the 
variable name of the ID class library using the PlayList node 
name defined by the title structure information. In this defi 
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nition, a dummy number is set as a PlayList number. The 
PlayList number is converted into a correct value by an ID 
converting unit 41, which will be described later. 
<JavaTM program editing unit 22> 
0361. The JavaTM program editing unit 22 generates a 
JavaTM program source code by direct editing of a JavaTM 
Source code of a JavaTM program via a keyboard input Such as 
a text editor, and outputs the generated JavaTM program 
Source code. The ID class library is used to describe, among 
the JavaTM program generated by the JavaTM program editing 
unit 22, a method portion for accessing the information 
defined by the BD scenario generating unit 11. For example, 
when it is to accessa PlayList using the ID class library shown 
in FIG. 40A, the JavaTM program uses MainPlayList and 
MenulplayList that are variables defined by the ID class 
library. The information, such as the font file, still images, and 
audio, used by the JavaTM program Source code is output as 
the program attachment information. The JavaTM program 
editing unit 22 may be a means for enabling the authoring 
staff to generate a program via the GUI or the like using a 
JavaTM program template that has been prepared in advance. 
The JavaTM program editing unit 22 may take any form in so 
far as it can generate a JavaTM program Source code. 

<BD-J Object Generating Unit 23> 

0362. The BD-J Object generating unit 23 generates a 
BD-J Object based on the JavaTM program source code gen 
erated by the JavaTM program editing unit 22 and the ID class 
Source code generated by the ID class generating unit 21, 
where the generated BD-J Object is used to generate a data 
format of the BD-J Object defined by the BD-ROM. The 
BD-J Object needs to specify the name of a PlayList played 
back by the executed JavaTM program. However, at this point 
in time, a variable name defined by the ID class library is set 
based on the ID class source code. 

5) Material Generating/Importing Unit 30 

0363 The material generating/importing unit 30 includes 
a Subtitle generating unit 31, an audio importing unit 32, a 
video importing unit 33, and a JavaTM importing unit 35. The 
material generating/importing unit 30 converts the received 
video material, audio material, subtitle material, JavaTM pro 
gram Source code and the like into a video stream, audio 
stream, subtitle stream, JavaTM program source code and the 
like that conform to the BD-ROM standard, and sends them to 
the disc generating unit 40. 

<Subtitle Generating Unit 31> 

0364 The subtitle generating unit 31 generates subtitle 
data that conforms to the BD-ROM standard, based on the 
subtitle and the display timing, and a subtitle information file 
that includes effects for the subtitle such as fade in/fade out, 
and outputs the generated Subtitle data. 

<Audio Importing Unit 32> 

0365. The audio importing unit 32, upon receiving audio 
data that has been compressed in advance by MPEG-AC3 or 
the like, outputs the data after attaching thereto timing infor 
mation for timing with the corresponding video and/or delet 
ing unnecessary data therefrom and/or performing thereto 
other necessary operation; and upon receiving audio data that 
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has not been compressed, outputs the data after converting it 
into a format specified by the authoring staff. 

<Video Importing Unit 33> 
0366. The video importing unit 33, upon receiving a non 
compressed video file that has not been compressed, imports 
the video file to the video encoder; and upon receiving a video 
stream that has been compressed in advance by MPEG2, 
MPEG4-AVC, VC1, or the like, outputs the data after deleting 
unnecessary data therefrom and/or performing thereto other 
necessary operation. 

<Video Encoder 34s. 

0367 The video encoder 34 calculates an amount of code 
to be assigned, in accordance with a parameter specified by 
the authoring staff, compresses the input video file to obtain a 
compressed sequence of encoded data, and outputs the 
obtained compressed sequence of encoded data as the video 
stream. When it constitutes an AVClip for the moving image 
menu, the video encoder 34 derives the input-limiting straight 
line and vbv delay from the buffer free capacity in the state 
where the end portion of the video stream exists in the buffer 
in the decoder. The process of this derivation is a process of 
the 2-path encoding as described in Embodiment 1, as shown 
in FIGS. 26 through 34. And the video encoder 34 determines 
the amount of code to be assigned to the start portion of the 
AVClip, based on the derived input-limiting straight line and 
vbv delay. The video encoder 34 performs encoding after 
determining the amount of code to be assigned. 

<JavaTM Importing Unit 35> 
0368. The JavaTM importing unit 35 transfers, to the disc 
generating unit 40, the JavaTM program source code, program 
attachment information, ID class source code, and BD-J 
Object generation information generated by the JavaTM pro 
gramming unit 20. The JavaTM importing unit 35, using the 
title structure information, correlates BD-J Objects with the 
files of the JavaTM program source code, program attachment 
information, ID class source code, and BD-J Object genera 
tion information, which are to be imported, and generates 
BD-J Object information for the BD-JObject node in the title 
structure information. 

6) Disc Generating Unit 40 
0369. The disc generating unit 40 includes an ID convert 
ing unit 41, a still image encoder 42, a database generating 
unit 43, a JavaTM program building unit 44, a multiplexer 45, 
a formatting unit 46, and a disc image generating unit 47. 
0370. It should be noted here that the “database' is a 
generic name of the above-described Index.bdmv, PlayList, 
BD-J Object, and the like defined by the BD-ROM. The disc 
generating unit 40 generates scenario data conforming to the 
BD-ROM, based on the input BD-ROM scenario data and the 
BD-J Object information transferred from the ID converting 
unit 41. 

<ID Converting Unit 41> 

0371. The ID converting unit 41 converts the ID class 
source code transferred from the JavaTM importing unit 35 to 
the disc generating unit 40 Such that it matches the actual title 
number and the PlayList number recorded on the disc. For 
example, in the case of the example shown in FIG. 40, the ID 
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converting unit 41 automatically changes the PlayList num 
ber that is specified for generating MenuPlaylist and Main 
Playlist. It makes this conversion by referring to the PlayList 
node in the title structure information. In FIG. 40A, the final 
file names of MenuPlaylist and MainPlaylist are 00001 and 
00002, respectively. Accordingly, they are changed as shown 
in FIG. 40B. The BD-J Object information is similarly sub 
jected to the conversion process. The conversion process is 
performed such that the PlayList name defined in the BD-J 
Object matches the actual PlayList number on the disc. The 
conversion method is the same as that for the ID class source 
code, and the converted BD-JObject information is sent to the 
database generating unit. 

<Still Image Encoder 42> 
0372. The still image encoder 42, when the input BD 
ROM scenario data includes a still image or a location in 
which a still image is held, selects a corresponding still image 
from still images included in the input material, and converts 
the selected still image into one of formats MPEG2, MPEG4 
AVC, and VC1 which conform to the BD-ROM. 

<JavaTM Program Building Unit 442 
0373 The JavaTM program building unit 44 compiles an ID 
class source code that has been converted by the ID convert 
ing unit 41, compiles a JavaTM program Source code, and 
outputs JavaTM programs. 

<Multiplexer 45> 
0374. The multiplexer 45 multiplexes a plurality of 
elementary streams, such as streams of video, audio, Subtitle, 
and button, that are written in the BD-ROM scenario data to 
obtain AVClips in the MPEG2-TS format. The multiplexer 45 
obtains, based on the multiplexing parameters, information 
indicating inter-connection relationships among AVClips. 
0375. The multiplexer 45 outputs Clip information, infor 
mation concerning an AVClip, at the same time as outputting 
the AVClip. The Clip information is management information 
that is provided for each AVClip. In other words, the Clip 
information is digital stream management information or a 
kind of database, and includes EP map and AVClip encoding 
information. The multiplexer 45 generates Clip information 
as follows. First, the multiplexer 45 generates EP map when 
an AVClip is newly generated. More specifically, the multi 
plexer 45 detects locations of I-pictures when a digital stream 
generated for the BD-ROM contains an MPEG2 or VC1 
video elementary stream, and the multiplexer 45 detects loca 
tions of I-pictures or IDR pictures when a digital stream 
generated for the BD-ROM contains an MPEG4-AVC video 
elementary stream. The multiplexer 45 then generates infor 
mation indicating, for each of the pictures whose locations 
have been detected, correspondence between the display time 
of a picture and a position of a TS packet containing the initial 
data of the picture in a sequence of TS packets constituting a 
MPEG2-TS AVClip. The generates the Clip information by 
pairing EP map with attribute information, where the 
EP map is generated by the multiplexer 45 itself, and the 
attribute information indicates an audio attribute, video 
attribute and the like for each digital stream detected from the 
reel set file. 
0376. The multiplexer 45 generates EP map because 
EP map is information that is closely related to the AVClip in 
MPEG2-TS format output from the multiplexer. An other 
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reason is as follows. An AVClipgenerated for use in BD 
ROM may become very large in the file size. In that case, after 
generating an AVClip of a large size, EP map corresponding 
thereto should be generated, and for doing this, the large-size 
AVClip should be read again. This increases the time required 
for generating the EP map. On the other hand, when EP map 
is generated in parallel with the generation of AVClip, the 
time required for generating EP map can be reduced since 
there is no need to read such a large-size AVClip twice. 
0377 Also, the multiplexer 45 changes multiplexing 
methods depending on the parameter dedicated to the multi 
plexer 45 that is included in the BD-ROM scenario data. For 
example, when the parameter has been set Such that an 
AVClip to be referred to by Previous PlayItem being the target 
of multiplexing should be connected seamlessly with an 
AVClip to be referred to by Current PlayItem, the AVClip to 
be referred to by Current PlayItem is multiplexed by using, as 
the initial value, the buffer state after the AVClip to be referred 
to by Previous PlayItem is decoded. This is done to prevent 
the buffer model from breaking down, as described earlier. 
When one AVClip is played back according to 999 pieces of 
PlayItem information, multiplexing of the AVClip to connect 
the 999 pieces of PlayItem information seamlessly is per 
formed. 
0378. This multiplexing of AVClip is performed by adjust 
ing the ATS values to be attached to each of Source packets 
constituting the AVClip, where the ATS values are adjusted so 
that, after an AVClip is transferred to the elementary buffer 
according to Previous PlayItem, reading of the same AVClip 
into the elementary buffer according to Current PlayItem by 
using the buffer state immediately after the transfer by Pre 
vious PlayItem as the initial state can be performed success 
fully without being affected by the initial state of the elemen 
tary buffer. 
<Formatting Unit 46> 
0379 The formatting unit 46 receives aforesaid database, 
AVClip, and JavaTM program, and arranges the files in a data 
structure adapted to the BD-ROM format. The formatting unit 
46 generates the directory structure shown in FIG. 2, and 
places the files at appropriate positions in the structure. In 
doing this, the formatting unit 46 correlates the AVClip with 
the JavaTM program, and generates file correlation informa 
tion. 
0380 FIG. 41 shows the file correlation information. As 
shown in FIG. 41, the file correlation information includes 
one or more modes respectively corresponding to one or more 
blocks. Each node can specify files to be read out as a group. 
Also, each node has a seamless flag specifying whether or not 
files should be read out seamlessly. The specific example 
shown in FIG. 41 presumes that the files shown in FIG. 2 are 
to be read out. In FIG. 41, the node corresponding to Blockin 
specifies, as the files to be readout as a group, "00001.bdjo', 
“00001.mpls”, “00001.jar”, “00001.clpi, and “00001. 
m2ts. 
0381 Also, in FIG. 41, the node corresponding to 
Blockin-1 specifies, as the files to be read out as a group, 
“00002.mpls”, “00003.mpls”, “00002.clpi”, “00003.clpi”, 
“00002.m2ts', and "00003. m2ts”. In the example shown in 
FIG. 41, Blockin specifies files that are arranged in an order 
in which the files are read out from the disc for the execution 
of “00001.bdo” (a BD-J Object). 
<Disc Image Generating Unit 47.> 
0382. The disc image generating unit 47 receives aforesaid 
database and AVClip, and obtains a volume image by assign 
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ment to addresses conforming to the BD-ROM format. A 
BD-ROM-adapted format has already been described with 
reference to FIG. 2. To generate its volume image, the file 
correlation information generated by the formatting unit 46 is 
used. The disc image generating unit 47 arranges the blocks in 
the ascending order, and arranges the files in each block so as 
to be physically continuous. For example, the blocks and files 
shown in FIG. 41 are arranged as shown in FIG. 42. 
0383 FIG. 42 shows an allocation on the BD-ROM based 
on the file correlation information shown in FIG. 41. As 
shown in FIG. 42, “00001.bdo”, “00001.mpls”, “00001.jar”, 
“00001.clpi', and “00001.m2ts' belonging to Blockin are 
arranged in continuous areas on the BD-ROM. Also, "00002. 
mpls”, “00003.mpls”, “00002.clpi”, “00003.clpi”, “00002. 
m2ts', and "00003.m2ts’ belonging to Blockin-1 are 
arranged in continuous areas on the BD-ROM. 
0384. By arranging the files necessary for a playback to be 
continuous physically, as described above, it is possible to 
read the files from the disc efficiently during the playback. 
Further, in the example shown in FIG. 41, the seamless flag is 
ON in both Blockin and Blockin-1. In this case, to arrange 
the AVClips seamlessly, the allocation of the AVClips on the 
BD-ROM is determined so that some conditions for the 
above-described physical arrangement for seamless play 
back, Such as the minimum Extent size or the maximumjump 
distance, are satisfied. Here, as an option, a multi-angle flag 
may be added to the blocks in the file correlation information. 
To achieve this, the disc image generating unit 47 arranges the 
AVClips on the disc by interleaving so that the AVClips can be 
Switched in response to a request from the authoring staff to 
Switch angles. Here, the interleaving means that each AVClip 
is divided into Extents as appropriate units, and the Extents of 
each AVClip are arranged by rotation on the disc. One 
example of the interleave arrangement is shown in FIG. 43. 

7) Verification Unit 50 
0385. The verification unit 50 includes an emulator unit 51 
and a verifier unit 52. 

0386 The emulator unit 51 receives the above-described 
Volume image, and plays back an actual movie content to 
verify whether or not it operates in accordance with the inten 
tion of the creator, for example, whether or not a transition 
from the menu to an actual movie content is performed cor 
rectly, whether or not a subtitle switch and an audio switch 
operate as intended, and whether or not the image quality and 
the audio quality are provided as intended. 
(0387. The verifier unit 52 receives the above-described 
Volume image, and Verifies whether or not the generated data 
conforms to the BD-ROM standard. 
0388. In this way, the volume image is verified by the 
emulator unit 51 and the verifier unit 52, and if an error is 
found, the work goes back to a corresponding process to be 
repeated. 

8) Master Generating Unit 60 
0389. The master generating unit 60 writes the AVClip, 
PlayList information, and BD-J Object onto the optical disc. 
The master generating unit 60 generates a master of the BD 
ROM disc by completing the data for pressing after the above 
described internal verification process, and performing the 
press process. Such a press process is only one example of a 
method for writing an optical disc. In regards with rewritable 
recording mediums such as BD-RE and AVC-HD, the 
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AVClip. PlayList information, and BD-J Object may be sent 
to the drive device so as to be written onto the disc. 
0390 Next, authoring procedures performed in the 
recording device of the present embodiment will be described 
with reference to FIG. 44. 
0391. In step S1, the title structure generating unit 10 
generates the title structure information of the BD-ROM 
based on the user operation. The title structure information is 
generated in this step. 
0392. In step S2, the BD scenario generating unit 11 gen 
erates scenario data with a structure of a seamless moving 
image menu, based on a user operation. With this generation, 
PlayList information for the seamless moving image menu is 
generated in the BD-ROM scenario data. 
0393. In step S3, the material generating/importing unit 30 
imports, to the disc generating unit 40, the video, audio, still 
image, and Subtitle prepared by the authoring staff. 
0394. In step S4, it is judged whether or not a JavaTM title 
exists in the title structure information. When it is judged that 
a JavaTM title exists, steps S2 through S3 and steps S5 through 
S8 are executed in parallel; and when it is judged that a JavaTM 
title does not exist, steps S2 through S3 are executed without 
executing steps S5 through S8. The control then goes to step 
S9. 
0395. In step S5, the JavaTM programming unit 20 gener 
ates a JavaTM program source code, program attachment 
information, and ID class source code for a JavaTM title, based 
on a user operation. 
0396. In step S6, the JavaTM importing unit 35 imports the 
JavaTM program Source code, program attachment informa 
tion, and ID class source code generated in step S5 to the disc 
generating unit 40. Steps S5 and S6 are performed in parallel 
with steps S2 and S3 in which scenario data is generated and 
the materials are generated and imported, respectively. 
0397. In step S7, the ID converting unit 41 converts the ID 
class source code and BD-JObject information such that they 
match the actual title number and the PlayList number 
recorded on the disc. With the conversion process, steps S5 
and S6 can be processed in parallel with step S2 indepen 
dently therefrom. 
0398. In step S8, the JavaTM program building unit 44 
builds JavaTM programs by compiling the source codes that 
are output in step S6. 
0399. In step S9, the still image encoder 42 converts a still 
image within the BD-ROM scenario data into one of formats 
MPEG2, MPEG4-AVC, and VC1 which conform to the BD 
ROM. When the BD-ROM scenario data includes a location 
in which a still image is held, the still image encoder 42 reads 
still image data from the holding location and performs the 
conversion. 
0400. In step S10, the multiplexer 45 generates AVClips in 
the MPEG2-TS format by multiplexing a plurality of elemen 
tary streams according to the BD-ROM scenario data. 
04.01. In step S11, the database generating unit 43 gener 
ates, inaccordance with the BD-ROM scenario data, database 
information conforming to the BD-ROM. 
0402. In step S12, the formatting unit 46 receives the 
JavaTM program generated in step S8, the AVClips generated 
in step S10, and the database information generated in step 
S11, and arranges the files in a format conforming to the 
BD-ROM. 
0403. In step S13, the formatting unit 46 generates the file 
correlation information by correlating the AVClip with the 
JavaTM program. 
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04.04. In step S14, the disc image generating unit 47 con 
verts the files generated in step S11 into a Volume image 
conforming to the BD-ROM format. 
04.05. In step S15, the verification unit 50 verifies the disc 
image generated in step S13. If an error is found, the work 
goes back to a corresponding process to be repeated. 
0406 Up to now, the recording procedures in the present 
embodiment have been explained. 
04.07 Next, procedures for generating scenario data hav 
ing a moving image menu will be explained with reference to 
the drawings. 
0408 FIG. 45 shows procedures for generating scenario 
data having a structure of a seamless moving image menu. 
The procedures will be described. 
04.09. In step S101, the authoring staffsets a menu screen 
configuration using a GUI as shown in FIG. 29 and the GUI 
unit 12. 
0410. In step S102, the authoring staffsets the background 
moving image constituting the menu, using the moving image 
property pane 2502. 
0411. In step S103, the authoring staff sets the items 
“Prev' and “Next in the AVClip connection information so 
that one background moving image is played back Seam 
lessly. 
0412. In step S104, the PlayList information for the seam 
less moving image menu is generated based on the AVClip 
connection information. 
0413. As described above, the present embodiment 
enables a BD-ROM disc, on which an AVClip for a moving 
image menu is recorded, to be generated with use of a record 
ing device, making it possible to Supply copies of a movie 
work that has been improved in operability by the moving 
image menu, in large Volumes and at high speeds. 

Embodiment 5 

0414. According to the data structure of the moving image 
menu described in Embodiment 1, any playback device con 
forming to the BD-ROM application layer standard can play 
back the moving image menu seamlessly. The present 
embodiment relates to the internal structure of the playback 
device that is improved such that the seamless playback is 
performed even if AVClips are not generated by the proce 
dures described in Embodiment 1. 
0415. The structure of the playback device in the present 
embodiment will be described with reference to FIG. 46. The 
playback device shown in FIG. 46 is different from the play 
back device 200 shown in FIG. 23, in the following points. 
0416) That is to say, the buffer capacity in the decoder 4 
has been changed, a next AVClip holding unit 9c has been 
added, and the data analysis executing unit 9b performs a 
process unique to the present embodiment. 
0417 First, the buffer capacity in the decoder 4 will be 
described. 
0418. The decoder 4 has buffer capacities that are respec 

tively twice as the maximum buffer sizes of Transport Buffer, 
Multiplexed Buffer, and Elementary Buffer defined in the 
decoder model of the standard. With this structure, even if a 
video stream exists doubly in Transport Buffer, Multiplexed 
Buffer, and Elementary Buffer, the input amount of data does 
not exceed the capacity of any of Transport Buffer, Multi 
plexed Buffer, and Elementary Buffer defined in the decoder 
model. As a result, this structure prevents data from overflow 
ing from the buffers, thereby preventing a breakdown. 
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0419. Next, the next AVClip holding unit 9c, a new addi 
tion, will be described. 
0420. The next AVClip holding unit 9c holds a piece of 
Clip information corresponding to an AVClip to be played 
back next. 
0421 Up to now, the next AVClip holding unit 9c has been 
described. Next, improvement contained in the next AVClip 
holding unit 9c in the present embodiment will be described. 
0422 The data analysis executing unit 9b, when analyzing 
a Movie Object, specifies an AVClip to be played back, 
obtains a piece of Clip information corresponding to an 
AVClip to be played back next, and stores the obtained Clip 
information into the next AVClip holding unit 9c. For 
example, in the case of the BD-ROM having the data structure 
shown in FIG.16, MovieObjectii1 has commands (1) PlayPL 
PlayListii1; and (2) Jump Movieobjectii1. Here, the PlayPL 
PlayListill has an instruction to play back only one AVClip. 
However, the data analysis executing unit 9b analyzes the 
next command. With this analysis, the contents of MovieOb 
jectii1 executed by (2) Jump MovieObjectii1 are recognized. 
From the analysis results, the data analysis executing unit 9b 
identifies an AVClip to be played back and identifies the 
positions at which the AVClip starts and ends being played 
back. The data analysis executing unit 9b stores the informa 
tion into the next AVClip holding unit 9c. 
0423. After this, the data analysis executing unit 9b per 
forms a playback by controlling the BD-ROM drive 1 so that 
an AVClip held by the next AVClip holding unit 9c starts to be 
transferred into the decoder 4 immediately after a currently 
played back AVClip is input into the decoder 4. 
0424. With the above-described structure where a com 
mand analysis is done before the playback of an AVClip, and 
the buffer capacity in the decoder is twice the value defined in 
the standard, it is possible to seamlessly playback a BD-ROM 
even if the BD-ROM has not been set for a seamless playback. 

Embodiment 6 

0425 The present embodiment discloses a specific struc 
ture of the IG stream. FIG. 47A shows the structure of the IG 
stream. The first row of the drawing indicates a sequence of 
TS packets constituting an AVClip. The second row of the 
drawing indicates a sequence of PES packets constituting a 
graphics stream. The PES packet sequence indicated in the 
second row is created as a concatenation of payloads that are 
extracted from TS packets having a predetermined PID, 
among the TS packets indicated in the first row. 
0426. The third row of the drawing indicates the structure 
of the graphics stream. The graphics stream is composed of 
functional segments such as: ICS (Interactive Composition 
Segment): PDS (Palette Definition Segment); ODS (Object 
Definition Segment); and END (END of Display Set Seg 
ment) Of these functional segments, the ICS is called a screen 
structure segment, and the PDS. ODS, and END are called 
definition segments. The PES packet and the functional seg 
ment are in a one-to-one or one-to-many relationship. That is 
to say, the functional segment is converted into one PES 
packet to be recorded onto a BD-ROM, or is divided into a 
plurality of fragments, which are converted into a plurality of 
PES packets and recorded onto a BD-ROM. 
0427. In the following, the functional segments will be 
described. 
0428 The Interactive Composition Segment (ICS) is a 
functional segment that controls the screen structure of the 
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interactive graphics object. As one interactive screen struc 
ture, the ICS of the present embodiment achieves a multi 
page menu. 
0429. The Object Definition Segment (ODS) is a graph 
ics object in a run-length encoding format. The graphics 
object in a run-length encoding format is composed of a 
plurality of pieces of run-length data. The run-length data is 
composed of pixel code indicating a pixel value; and the 
length of a sequence of the pixel value. The pixel code is an 
8-bit value that can represent a value in a range from 0 to 255. 
The run-length data, with use of the pixel code, can set any 
256 colors selected from 16,777,216 colors (full colors). 
0430. The Palette Definition Segment (PDS) is a func 
tional segment for storing palette data. Each piece of palette 
data is a combination of a pixel code representing a value in 
a range from 0 to 255; and a pixel value. The pixel value is 
composed of a red color difference component (CrValue), a 
blue color difference component (Cb value), a luminance 
component (YValue), and a transparency (T value). When a 
color is displayed, a pixel code contained in a piece of run 
length data is replaced with a corresponding pixel value in 
accordance with the palette. 
0431. The END of Display Set Segment (END) is an index 
that indicates an end of transfer of a functional segment. The 
END is displosed at a position immediately after the last 
ODS. Up to now, the functional segments have been 
described. 
0432 FIG. 47B shows a PES packet that is obtained by 
converting a functional segment. As shown in FIG. 47B, the 
PES packet is composed of a packet header and a payload. 
The payload is Substantially the functional segment. The 
packet header includes DTS and PTS that correspond to the 
functional segment. In the description herein after, DTS and 
PTS that exist in the header of the PES packet in which the 
functional segment is stored are treated as the DTS and PTS 
of the functional segment. 
0433 Such a variety of types of functional segments build 
a logical structure such as the one shown in FIG. 48. FIG. 48 
shows a logical structure composed of a variety of types of 
functional segments. In FIG. 48, the first row indicates 
Epochs, the second row indicates display sets, and the third 
row indicates types of display sets. The fourth row indicates 
the functional segments shown in the third row of FIG. 47A. 
0434 First, the Epoch indicated in the first row will be 
explained. In the IG streams, the Epoch refers to a time 
period, on an AVClip playback time axis, that has continuity 
in memory management, and also refers to a set of data 
assigned to the time period. The memory presumed here is: a 
graphics plane for storing graphics objects constituting a 
display; and an object buffer for storing non-compressed 
graphics objects. That there is continuity in memory manage 
ment in connection with the graphics plane and the object 
buffer means that no flush occurs to the graphics plane and the 
object buffer during the period of the Epoch, and that the 
graphics are erased and re-drawn only within a predetermined 
rectangular area in the graphics plane. The vertical and hori 
Zontal sizes and the position of the rectangular area are fixed 
all through the period of the Epoch. The seamless playback is 
ensured as far as the graphics are erased and re-drawn only 
within the fixed area in the graphics plane. That is to say, the 
Epoch is a unit, on a playback time axis, that ensures the 
seamless playback therein. When the area in the graphics 
plane, in which the graphics are erased and re-drawn, should 
be changed, it is necessary to define a new time point as the 
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start of a new Epoch on a playback time axis. In this case, the 
seamless playback is not ensured at the boundary between the 
two Epochs. 
0435. It should be noted here that in the seamless playback 
here, the erasure and re-drawing of graphics are completed 
within a predetermined number of video frames. In the case of 
the IG stream, the number of video frames is 4.5 frames. The 
number of video frames is determined by a ratio of the fixed 
area size to the whole graphics plane and a transfer rate 
between the object buffer and the graphics plane. 
0436 The Display Set (acronymized as DS) indicated in 
the second row of FIG. 48 is a set of functional segments 
constituting one screen structure, among a plurality of func 
tional segments constituting the graphics stream. The dotted 
line hk1 in FIG. 48 indicates relationships between the 
Epochs and the DSs, more specifically, it indicates Epochs to 
which DSs belong, respectively. In the example shown in 
FIG.48, it is understood that DS1, DS2, DS3, ... DSnbelong 
to an Epoch in the first row. 
0437. The third row of FIG. 48 indicates types of Display 
Sets. The type of the start Display Set in an Epoch is “Epoch 
Start'. Also, types of Display Sets other than the start Display 
Set are “Acquisition Point”, “Normal Case', and “Epoch 
Continue’. The order of Acquisition Point”, “Normal Case'. 
and “Epoch Continue indicated in the example of this draw 
ing is merely an example, but may be arranged in any other 
order. 

0438. “Epoch Start” is a Display Set placed at the start of 
an Epoch. For this reason, Epoch Start includes all functional 
segments necessary for the next screen combination. Epoch 
Start is arranged at a position from which a playback starts, 
for example, a position from which a chapter of a movie work 
StartS. 

0439 Acquisition Point' is a Display Set that is not 
placed at the start of an Epoch, but includes all functional 
segments necessary for the next screen combination. When a 
playback is started with the Acquisition Point DS, the graph 
ics display is ensured. That is to say, the Acquisition Point DS 
has a role to construct a screen from the middle of an Epoch. 
The Acquisition Point DS is imbedded at a position from 
which a playback can be started. One of Such positions is a 
position specified by a time search. The time search is an 
operation where, upon receiving a user input specifying a 
time period such as several minutes or seconds, the device 
starts a playback from a time point corresponding to the 
specified time period. The time period is specified in a rough 
unit of for example, 10 minutes or 10 seconds. Accordingly, 
the time search can specify, as a playback start point, one 
among the points positioned at intervals of 10 minutes or 10 
seconds. In this way, by imbedding Acquisition Points at 
positions that can be specified by the time search, the graphics 
streams can be played back appropriately when the time 
search is performed. 
0440 “Normal Case' is a DS that provides a display effect 
called “display update', and includes only differences from 
the previous screen combination. For example, Suppose a 
Display Set DSV and a Display Set DSu have the same con 
tents, but differin the screen structure. In such a case, the DSV 
is set as a Normal Case DS by making it to be composed of 
only ICSS or ODSs. This eliminates the necessity for includ 
ing overlapping ODSs, and thus contributes to reduction in 
the capacity of ED-ROM. Since the Normal Case DS has only 
differences, Normal Case cannot construct a screen by itself. 



US 2009/0055744 A1 

0441. “Epoch Continue indicates that an Epoch contin 
ues across a boundary between AVClips. When Composition 
State of DSn has been set to Epoch Continue, DSn and DSn 
1, which precedes DSn, belong to the same Epoch even if DSn 
and DSn-1 exist in different AVClips. With this structure, 
even if a branch from AVClip occurs between the two DSs, a 
flush of the graphics plane and the object buffer does not 
OCCU. 

0442. The dotted line kZ1 in FIG. 48 indicates relation 
ships between the DSs and the functional segments indicated 
in the fourth row, more specifically, it indicates DSs to which 
the functional segments belong, respectively. Since the func 
tional segments in the fourth row are the same as those shown 
in FIG. 47A, it is understood that they all belong to Epoch 
Start. Also, the same functional segments belonging to Epoch 
Start belong to Acquisition Point, as well. The functional 
segments belonging to Normal Case are part of the functional 
segments belonging to Epoch Start. 
0443. Up to now, the logical structure composed of func 
tional segments has been explained. Next will be explained 
how these Display Sets having ICSS and ODSs should be 
assigned on an AVClip playback time axis. The Epoch is a 
period having continuity in memory management on the 
playback time axis, and is composed of one or more Display 
Sets. As a result, a question is how to assign Display Sets on 
the AVClip playback time axis. It should be noted here that the 
AVClip playback time axis is a time axis prepared to define 
the decoding timing and playback timing of each picture data 
constituting the video stream multiplexed in the AVClip. On 
the playback time axis, the decoding timing and playback 
timing are represented with a temporal accuracy of 90 KHZ. 
The DTSS and PTSs attached to the ICSS and ODSs in the 
Display Sets indicate the timings for the synchronization 
control. The Display Sets are assigned on the playback time 
axis by performing the synchronization control using DTSS 
and PTSS attached to the ICSS and ODSs. 

0444 Suppose that DSn is a given Display Set among a 
plurality of Display Sets belonging to an Epoch, and that DSn 
is assigned on the AVClip playback time axis by setting the 
DTSS and PTSs as shown in FIG. 49. 

0445 FIG. 49 shows an AVClip playback time axis on 
which DSn is assigned. In FIG. 49, the start of DSn is indi 
cated by a DTS value (DTS(DSnICSI)) of an ICS belonging 
to DSn, and the end of DSn is indicated by a PTS value 
(PTS(DSnICSD) of an ICS belonging to DSn. Also, the 
timing when the first display of DSn is performed is indicated 
by a PTS value (PTS(DSnICSI)) of an ICS. When a PTS 
(DSnICSI) matches a timing of display of a desired picture in 
a video stream, the first display of DSn synchronizes with the 
Video stream. 

0446. The value PTS(DSnICSI) is obtained by adding, to 
DTS(DSnICSI), values indicating (i) a time period (DE 
CODE DURATION) required for decoding the ODS and (ii) 
a time period (TRANSFERDURATION) required for trans 
ferring a graphics object that was obtained by the decoding. 
0447 The ODS necessary for the first display is decoded 
in this DECODE DURATION. In FIG. 49, “mc1 indicates a 
time period in which a given ODS (ODSm) belonging to DSn 
is decoded. The start point of the decoding period is indicated 
by DTS(ODSnODSm), and the end point of the decoding 
period is indicated by PTS(ODSnODSm). 
0448. An Epoch is defined when the above-described 
assignment on the playback time axis is performed onto all 
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the ODSs belonging to the Epoch. This completes the 
description of the assignment on the playback time axis. 
0449 The present embodiment is characterized by con 
trolling the multi-page menu as the moving image playback 
proceeds on the above-described playback time axis. A novel 
structure for realizing the characteristic exists in “Interactive 
composition' within the ICS. The following will explain the 
internal structures of the ICS and Interactive composition. 
0450 FIGS. 50A and 50B shows relationships between 
ICS and Interactive composition. The relationships between 
ICS and Interactive composition include a one-to-one rela 
tionship as shown in FIG.50A and a one-to-many relation 
ship as shown in FIG.50B. 
0451. The one-to-one relationship is generated when 
Interactive composition is Small enough in size to be 
included in one ICS. 
0452. The one-to-many relationship is generated when 
Interactive composition has a large size and is divided into a 
plurality of fragments to be stored in a plurality of ICSs. In 
this case, Interactive composition has no limit in size, but 
may have any desired size such as 512 KB or 1 MB. As 
described up to now, the ICS and Interactive composition 
may have one-to-many relationship. However, in the descrip 
tion herein after, it is presumed that they have one-to-one 
relationship for the sake of convenience. 
0453 FIG.51 shows the internal structure of ICS. The ICS 
stores the whole Interactive composition or part of Interac 
tive composition obtained by dividing it into fragments. As 
shown on the left-hand side of FIG. 51, the ICS includes 
“segment descriptor indicating that the segment itself is 
ICS, “video descriptor indicating the number of pixels in 
the vertical and horizontal directions and the frame rate pre 
sumed in the ICS itself, “composition descriptor', and 
“interactive composition data fragment' that is the whole 
Interactive composition or part of Interactive composition 
obtained by dividing it into fragments. The "composition 
descriptor is composed of "composition State' and "com 
position number, where "composition state' indicates one 
of “Normal Case”, “Acquisition Point”, “Epoch Start”, and 
“Effect Sequence', to which the Display Set including the 
ICS itself belongs, and “composition number indicates the 
number of times the screen is combined. 
0454. The leadline “cul” in FIG.51 indicates the close-up 
of the internal structure of Interactive composition. As 
shown in FIG. 51, Interactive composition includes page 
information (O), page information (1), ... page information 
(i), . . . page information (number of pages-1) that respec 
tively correspond to a plurality of pages that can be displayed 
on the multi-page manu. 
0455 FIG. 52 shows the internal structure of page infor 
mation of a given page (page “y”) among a plurality of pages 
belonging to the x" Display Set in an Epoch. As shown in 
FIG. 52, the page information (y) includes: 
0456 i) “page id' uniquely identifying page (y); 
0457 ii) “in effects”, “out effects”, “animation frame 
rate code”, “default selected button id ref, “default acti 
vated button id ref, “palette id ref, “button information 
(O)”, “button information (1), ... “button information (num 
ber of buttons-1); and 
0458 iii) “page version number that indicates the ver 
sion of the content of page information (y). 
0459 First, each of the fields constituting the data struc 
ture to be transferred by page information (y) will be 
described. 
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0460. The “in effects' indicates display effects that 
should be played back when page (y) starts to be displayed. 
The “out effects’ indicates display effects that should be 
played back when page (y) ends being displayed. 
0461 The “animation frame rate code' describes a 
frame rate that should be applied when the animation display 
is applied to page (y). 
0462. The “default selected button id ref indicates 
whether to dynamically or statically define buttons that are to 
be set to the selected state as the default state when page (y) 
starts to be displayed. When this field is "0xFF, it indicates 
that the buttons, which are to be set to the selected state as the 
default state, should be defined dynamically. When the but 
tons should be defined dynamically, values that are set in the 
Player Status Registers (PSRs) are interpreted by priority, and 
the buttons indicated by the PSRs enter the selected state. 
0463. The “default activated button id ref indicates a 
button that enters the active state automatically when the time 
indicated by selection time out pts is reached. When the 
“default activated button id ref” is “FF', a button in the 
selected State is automatically selected at a predetermined set 
time; and when the “default activated button id ref” is 
“00, the automatic selection is not performed. When the 
“default activated button id ref” is a value other than “FF 
and “00, this field is interpreted as an effective button num 
ber. 
0464. The “palette id ref indicates an ID of a palette to 
be set in the CLUT unit. 

0465. The “button information ( ) is information for 
defining the buttons to be displayed on page (y). These fields 
define the contents of pages constituting the multi-page 
all. 

0466. The “page version number is a field that indicates 
the version of the content that is transferred with the data 
structure of page information (y) in the Epoch. Here, the 
“page version number will be described in more detail 
since it is one of main characteristics of the present applica 
tion. The version of page information (y) indicates the num 
ber of updates having been made onto the data structure of 
page information (y). In the data structure of page informa 
tion (y), when any value has changed or any change is 
detected in the fields immediately after the page version 
number, it is judged that page information (y) has been 
updated. 
0467 FIG.53 shows the internal structure of button infor 
mation (i) in page information (y). 
0468. The “button id' is a numeral for uniquely identify 
ing button (i) in interactive composition. 
0469. The “button numeric select value' is a flag indi 
cating whether or not to permit the numeric selection of 
button (i). 
0470 The “auto action flag indicates whether or not to 
cause button (i) to enter the active state automatically. When 
“auto action flag” is ON (bit value “1”), button (i) enters the 
active state instead of the active state; and when “auto ac 
tion flag” is OFF (bit value “0”), button (i) enters the active 
state when it is selected. 
0471. The “button horizontal position' and “button ver 

tical position' indicate the horizontal and vertical positions 
of the upper-left pixel of button (i) in the interactive screen, 
respectively. 
0472. The “neighbor info' is information that indicates 
which one of buttons should be set to the selected state when 
the focus is instructed to move in the upward, downward, 
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leftward, or rightward direction while button (i) is in the 
selected state. The “neighbor info'', is composed of “upper 
button id ref, "lower button id ref, "left button id 
ref, and “right button id ref. 
0473. The “upper button id ref indicates the number of 
a button that should be set to the selected state instead of 
button (i) when a key (MOVE UP key) on the remote control 
instructing the focus to move upward is pressed while button 
(i) is in the selected state. If this field has been set to the 
number of button (i), pressing of the MOVE UP key is disre 
garded. 
0474. The “lower button id ref, “left button id ref 
and “right button id refrespectively indicate the numbers 
of buttons that should be set to the selected state instead of 
button (i) when a key (MOVE DOWN, MOVE LEFT, OR 
MOVE RIGHT key) on the remote control instructing the 
focus to move downward, leftward, or rightward is pressed 
while button (i) is in the selected state. If any of these fields 
has been set to the number of button (i), pressing of the 
corresponding key is disregarded. 
0475. The “normal state info' is information for defining 
the normal state of button (i). The “normal state info' is 
composed of “normal start object id ref, “normal end 
object id ref and "normal repeat flag. 
0476. The “normal start object id ref indicates the ini 

tial one among a plurality of sequential numbers attached to a 
plurality of ODSs constituting an animation that represents 
button (i) in the normal state. 
0477 The “normal end object id ref” indicates the last 
one among a plurality of sequential numbers (“object ID') 
attached to a plurality of ODSs constituting an animation that 
represents button (i) in the normal state. When the ID indi 
cated by the “normal end object id ref is identical with the 
ID indicated by the “normal start object id ref, a still 
image of a graphics object identified by this ID becomes the 
image of button (i). 
0478. The “normal repeat flag indicates whether or not 
to continue displaying the animation of button (i) in the nor 
mal state repeatedly. 
0479. The “selected state info' is information for defin 
ing the selected state of button (i). The “selected state info 
is composed of 'selected State Sound id ref, “selected 
start object id ref, “selected end object id ref and 
'selected repeat flag. 
0480. The “selected state sound id ref” is information 
specifying Sound data that should be played back as a click 
sound when the selected state of button (i) changes. The 
specification is made by describing the identifier of the sound 
data stored in a file “sound.bdmv’. When this field is “0xFF, 
it indicates that no Sound data is specified, and the click Sound 
is not played back. 
0481. The “selected start object id ref indicates the 
initial one among a plurality of sequential numbers attached 
to a plurality of ODSs constituting an animation that repre 
sents button (i) in the selected state. 
0482. The “selected end object id ref indicates the last 
one among a plurality of sequential numbers attached to a 
plurality of ODSs constituting an animation that represents 
button (i) in the selected state. When the ID indicated by the 
“selected end object id ref is identical with the ID indi 
cated by the “selected Start object id ref, a still image of a 
graphics object identified by this ID becomes the image of 
button (i). 
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0483 The “selected repeat flag indicates whether or not 
to continue displaying the animation of button (i) in the 
selected state repeatedly. When the ID indicated by the 
“selected end object id ref is identical with the ID indi 
cated by the “selected start object id ref, this field is set to 
“00. 

0484. The “activated state info' is information for defin 
ing the active state of button (i), and is composed of “activat 
ed State Sound id ref, 'activated Start object id ref and 
“activated end object id ref. 
0485 The “activated state sound id ref is information 
specifying Sound data that should be played back as a click 
Sound when the selected State of a button corresponding to the 
button information changes. The specification is made by 
describing the identifier of the sound data stored in a file 
“sound.bdmv’. When this field is “0xFF, it indicates that no 
Sound data is specified, and the click Sound is not playedback. 
0486 The “activated start object id ref indicates the 

initial one among a plurality of sequential numbers attached 
to a plurality of ODSs constituting an animation that repre 
sents button (i) in the active state. 
0487. The “activated end object id ref indicates the 
last one among a plurality of sequential numbers attached to 
a plurality of ODSs constituting an animation that represents 
button (i) in the active state. 
0488. The “navigation command is a command that is 
executed when button (i) enters the active state. This com 
mand is the same as the navigation command written in the 
Movie Object. Accordingly, by describing a navigation com 
mand, which is desired to be executed by the playback device, 
into the button information, it is possible to cause the play 
back device to perform a desired control when the corre 
sponding button is confirmed. As is the case with Movie 
Object, the navigation command in the button information 
control the playback device to wait for an operation. Accord 
ingly, the program of the present invention, namely, a pro 
gram that causes the playback device to perform a control for 
waiting operation via a menu display is composed of naviga 
tion commands respectively written in Movie Object and the 
button information. In the specific example shown in 
Embodiment 1, the displayed menu has buttons for receiving 
selections of Title#1 and Title#2. In this case, navigation 
commands respectively instructing for jumping to Title#1 
and Title#2 may be written into the “navigation commands' 
of the button information corresponding to the buttons for 
receiving selections of Title#1 and Title#2, respectively, so 
that Title#1 or Title#2 starts to be played back depending on 
the status change of the buttons for receiving selections of 
Title#1 and Title#2. 

0489. There is also SetButtonPage command that is a navi 
gation command unique to the button information. The Set 
ButtonPage command is a command that instructs the play 
back device to display a desired page of the multi-page menu 
and to set a desired button in the displayed page to the selected 
state. Use of these navigation commands facilitates the 
authoring staffin describing page change. 
0490. In the following described will be how the IG stream 
having the above-described structure is processed by the 
structural elements of the IG decoder 6 shown in FIG. 23, 
with reference to FIG. 54. 

0491. In the Coded Data Buffer 6b, ICSS, PDSs and ODSs 
are temporarily stored, together with DTSs and PTSs. 
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0492. The Stream Graphics Processor 6c decodes the 
ODSs to obtain non-compressed graphics, and writes the 
obtained graphics to the Object Buffer 6d. 
0493. The Object Buffer 6d is provided therein with a 
plurality of non-compressed graphics objects (in FIG. 54. 
represented by the boxes) which were obtained as a result of 
decoding by the Stream Graphics Processor 6c. The graphics 
objects (the boxes) stored in the Buffer 6b are identified by the 
object ids. When a request for permission of a graphics 
object is issued while the Object Buffer 6d stores another 
graphics object that has the same object id as the requested 
graphics object, the graphics object in the Object Buffer 6d is 
overwritten with the requested graphics object. 
0494 The Composition Buffer 6e is a buffer for storing 
0495 Interactive compositions transferred in correspon 
dence with one or more ICSs. The Interactive compositions 
stored therein are supplied to the Graphics Controller 6f to be 
decoded therein. 
0496 The Graphics Controller 6f each time a new Display 
Set is reached by the current playback time point, judges 
which among Epoch Start, Acquisition Point and Normal 
Case is the Composition State of the ICS contained in the 
new Display Set. When it is Epoch Start, the Graphics Con 
troller 6f transfers a new Interactive composition in the 
Coded Data Buffer 6b to the Composition Buffer 6e there 
from. 
0497. The Graphics Controller 6f each time an ICS is read 
into the Coded Data Buffer 6b from a Display Set of the 
Acquisition Point type, matches the Page Version Number 
in each piece of page information belonging to the read ICS, 
with the Page Version Number in each piece of page infor 
mation in the Composition Buffer 6e. When there is a piece of 
page information with a larger value of Page Version Num 
ber within the Coded Data Buffer 6b, the Graphics Controller 
6f transfers the piece of page information from the Coded 
Data Buffer 6b to the Composition Buffer 6e. In other words, 
this is an update of a desired piece of page information in the 
Composition Buffer 6e. It is then judged whether a page 
corresponding to the updated piece of page information is 
currently displayed. When it isjudged that a page correspond 
ing to the updated piece of page information is currently 
displayed, the page is re-drawn. The sign () 1 represents an 
operation where the Page Version Number in the Interac 
tive composition read into the Coded Data Buffer 6b is 
referred to. The sign O2 represents an operation where the 
page information with a larger value of Page Version Num 
ber is transferred. The sign (c)3 represents an operation where 
the updated page information is referred to. The sign (94 
represents an operation where the page is re-drawn based on 
the updated page information. Also, the arrows bg1, bg2, bg3 
andbg4 symbolically indicate the re-drawing by the Graphics 
Controller 6f. With such a drawing operation, a page with 
buttons 0-A through 0-D arranged therein appears in the title 
structure generating unit 10, and the page is combined with 
the moving image. 
0498. The Epoch is a unit having continuity in memory 
management in the graphics decoder. Accordingly, the Epoch 
should be complete in itself within one AVClip. However, 
when the moving image menu described in Embodiment 1 is 
to be presented, it is necessary to display the menu continu 
ously using a plurality of pieces of PlayItem information. 
This necessitates definition of an Epoch that is continuous 
through a plurality of pieces of PlayItem information. Here, it 
is possible to define an Epoch that is continuous through two 
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AVClips that are played back in sequence, when three prede 
termined conditions are satisfied. 

0499 FIG. 55A shows an Epoch that is continuous 
through two AVClips. The first row of the drawing indicates 
an AVClip to be played back by Previous PlayItem and an 
AVClip to be played back by Current PlayItem. The second 
row indicates an Epoch that is continuous through two 
AVClips. The third row indicates Display Sets belonging to 
the Epoch indicated in the second row. The Epoch in the 
second row has not been divided in correspondence with the 
two AVClips. However, the separation between two Display 
Sets in the third row corresponds to the separation between 
the two AVClips. A noteworthy point in this drawing is that 
the type of Display Set (DSm+1) positioned immediately 
after the AVClip boundary is “Epoch Continue” type. 
(0500. The “Epoch Continue” is a type of Display Set 
(DSm+1) positioned immediately after the AVClipboundary, 
and is handled as Acquisition Point when three predetermined 
conditions are satisfied. It is handled as Epoch Start when any 
of the three conditions is not satisfied. 

0501 FIG. 55B shows how a Display Set of the “Epoch 
Continue” type is handled. As shown in FIG. 55B, a Display 
Set of the “Epoch Continue” type is handled as Epoch Start 
when a jump playback from an AVClip played back by Cur 
rent PlayItem is performed, and is handled as Acquisition 
Point when a seamless playback from an AVClip played back 
by Previous PlayItem is performed 
0502 FIG. 56 shows the three conditions to be satisfied 
when two AVClips are played back seamlessly. The first row 
of the drawing indicates two AVClips that are played back 
seamlessly. The second row indicates an Epoch. This Epoch is 
an Epoch having continuity in memory management between 
the two AVClips. The third row indicates Display Sets 
belonging to the Epoch indicated in the second row. The 
Epoch in the second row has not been divided in correspon 
dence with the two AVClips. However, the separation 
between two Display Sets in the third row corresponds to the 
separation between the two AVClips. The fourth row indi 
cates functional segments belonging to the Display Sets. The 
groups of segments indicated in the fourthrow are the same as 
those indicated in the fourth row of FIG. 5. The signs () 1, Q2 
and ()3 represent the three conditions to be satisfied in Epoch 
when two AVClips are played back seamlessly. The first 
condition is that the type of Display Set (DSm+1) positioned 
immediately after the AVClipboundary is “Epoch Continue’. 
0503. The second conditions is that all pieces of position 
information in ICSs belonging to DSm+1 have the same 
Composition Number (=A) as all pieces of position informa 
tion in ICSs belonging to DSm that is a Display Set immedi 
ately before DSm+1. This means that the contents of graphics 
display are the same before and after the AVClip boundary. 
Here, the Composition Number means a screen structure of a 
Display Set. Accordingly, when DSm and DSm+1 have the 
same Composition Number, the screen structures of DSmand 
DSm+1 provide the same graphics contents. 
0504. The third condition is that the playback of AVClip 
by Previous PlayItem is seamlessly connected with the play 
back of AVClip by Current PlayItem. The seamless connec 
tion can be achieved when the following conditions are sat 
isfied. 

0505 (i) The same video stream display method (NTSC, 
PAL or the like) is indicated in the video attribute information 
of the two AVClips. 
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0506 (ii) The same audio stream encoding method (AC-3, 
MPEG, LPCM or the like) is indicated in the audio attribute 
information of the two AVClips. 
0507. The reason why the seamless playback is not avail 
able when any of the above-indicated conditions (i) and (ii) is 
not satisfied is that the video decoder or the audio decoder 
stop operation to change the display method, encoding 
method, orbitrate of the video stream or audio stream when 
a different display method or encoding method is specified. 
0508 For example, when two audio streams respectively 
having been encoded by the AC-3 method and the MPEG 
standard are to be played back seamlessly, the audio decoder 
should change the stream attributes when the audio streams 
change from one to the other. This causes the audio decoderto 
stop the decoding. This also applies to the case where video 
stream attributes are changed. 
0509 Accordingly, the seamless connection can be per 
formed only when both the above-indicated conditions (i)and 
(ii) are satisfied. The seamless connection is not available 
when any of the conditions (i) and (ii) is not satisfied. 
0510 DSm+1 of “Epoch Continue” type is handled as 
Acquisition Point when the above-described three conditions 
are satisfied. In this case, Display Sets 1 through m and 
Display Sets m+1 through n form one Epoch, and the buffer 
state in the graphics decoder is maintained even if the two 
AVClips are played back in sequence. 
0511 Even when DSm+1 is “Epoch Continue” type, if any 
of the remaining two conditions is not satisfied, the Epoch is 
divided into two in the vicinity of the AVClip boundary. 
Accordingly, as described above, a Display Set of “Epoch 
Continue” type is handled as Acquisition Point when all the 
above-described three conditions are satisfied; and it is 
handled as Epoch Start when any of the conditions is not 
satisfied. 
0512. According to the present embodiment with the 
above-described structure, it is possible to prevent the dis 
played menu from disappearing when a Switch occurs 
between pieces of PlayItem information, by, in the second and 
succeeding pieces of PlayItem information in the PlayList 
information, setting the Composition Type to Epoch Con 
tinue and setting the Composition Number to the same value 
as the Composition Number of the first piece of PlayItem 
information in the PlayList information. 

Embodiment 7 

0513 Embodiment 7 discloses a specific structure of the 
PG stream. FIG. 57 shows a specific structure of the PG 
stream. The fourth row of the drawing indicates the PG 
stream. The third row indicates types of Display Sets to which 
the PG stream belongs. The second row indicates Display 
Sets. The first row indicates Epochs. 
0514 Each Display Set (DS) indicated in the second row is 
a set of functional segments of one screen, among a plurality 
of functional segments constituting the graphics stream. The 
dotted line kZ1 in FIG. 57 indicates relationships between the 
DSs and the functional segments indicated in the fourth row, 
more specifically, it indicates DSs to which the functional 
segments belong, respectively. It is understood from the 
drawing that each DS is composed of a sequence of functional 
segments: PCS-WDS-PDS-ODS-END, among a plurality of 
functional segments constituting the PG stream. By reading 
the sequence of functional segments constituting a DS, the 
playback device can structure one screen of graphics. 
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0515. Here, the concept of Epoch in the PG stream will be 
described. Each Epoch in the first row of the drawing refers to 
a time period, on an AVClip playback time axis, that has 
continuity in memory management, and also refers to a set of 
data assigned to the time period. The memory presumed here 
is: a graphics plane for storing one screen of graphics; and an 
object buffer for storing decompressed graphics data. In 
terms of the relationships between positions of subtitles and 
Epochs, an Epoch corresponds to a time period for which 
Subtitles appear in a certain rectangular area in the screen, on 
a playback time axis. FIG. 58 shows the relationships 
between display positions of subtitles and Epochs. In FIG. 58, 
display positions of Subtitles are changed depending on pat 
terns of pictures. In more detail, two subtitles “Honestly' and 
“Sorry' are positioned at the bottom of the screen, whereas 
two subtitles “Since then and “Three years have passed” are 
positioned at the top of the screen. Thus, the display positions 
of Subtitles are changed from one margin to another on the 
screen, to enhance visibility. In such a case, on the reproduc 
tion time axis of the AV Clip, a time period during which the 
subtitles are displayed at the bottom of the screen is Epoch1, 
and a time period during which the Subtitles are displayed at 
the top of the screen is Epoch2. These two Epochs each have 
an individual subtitle rendering area. In Epoch1, the subtitle 
rendering area is Window 1 that corresponds to the bottom 
margin of the screen. In Epoch2, the Subtitle rendering area is 
Window2 that corresponds to the top margin of the screen. In 
each of Epoch1 and Epoch2, the continuity of memory man 
agement on the buffer plane is secured, so that the Subtitles are 
displayed seamlessly in the corresponding margin of the 
screen. This completes the explanation on the Epoch. The 
following explains the Display Set. 
0516. In FIG. 57, dotted lines hk1 and hk2 indicate which 
Epoch the DSs in the second row belong to. As illustrated, a 
series of DSs that are an Epoch Start DS, an Acquisition Point 
DS, and a Normal Case DS constitutes one Epoch indicated in 
the first row. Here, Epoch Start, Acquisition Point, and Nor 
mal Case are types of DSs. Though the Acquisition Point DS 
precedes the Normal Case DS in FIG. 57, they may be 
arranged in reverse order. 
0517 Next described will be characteristic functional seg 
ments among those constituting the PG stream. Among the 
functional segments in the PG stream, WDS and PCS are 
unique to the PG stream. First, the WDS (Window Definition 
Segment) will be described. 
0518. The “window definition segment” is a functional 
segment for defining a rectangular area on the Graphics 
Plane. As mentioned earlier, the Epoch has continuity in 
memory management only when the clearing and re-render 
ing are performed in a certain rectangular area on the Graph 
ics Plane. This rectangular area on the Graphics Plane is 
called a Window, which is defined by the WDS. FIG. 59A 
shows a data structure of the WDS. As shown in the drawing, 
the WDS includes a “window idfield uniquely identifying 
the Window on the Graphics Plane, a “window horizontal 
position” field specifying a horizontal position of a top left 
pixel of the Window on the Graphics Plane, a “window 
vertical position field specifying a vertical position of the 
top left pixel of the Window on the Graphics Plane, a “win 
dow width' field specifying a width of the Window on the 
Graphics Plane, and a “window height' field specifying a 
height of the Window on the Graphics Plane. 
0519. The fields “window horizontal position”, “win 
dow vertical position”, “window width” and “window 
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height can take the following values. A coordinate system 
constructed with these values presumes an internal area of the 
Graphics Plane. This Graphics Plane has a two-dimensional 
size defined by video height and video width parameters. 
0520. The window horizontal position field specifies the 
horizontal position of the top left pixel of the Window on the 
Graphics Plane, and accordingly takes a value in a range of 
“1” to “video width'. The window vertical position field 
specifies the vertical position of the top left pixel of the 
Window on the Graphics Plane, and accordingly takes a value 
in a range of “1” to “video height'. 
0521. The window width field specifies the width of the 
Window on the Graphics Plane, and accordingly takes a value 
in a range of 1 to (video width)-(window horizontal posi 
tion). The window height field specifies the height of the 
Window on the Graphics Plane, and accordingly takes a value 
in a range of 1 to (video height)-(window Vertical position). 
0522. A position and size of a Window can be defined for 
each Epoch, using these window horizontal position, win 
dow Vertical position, window width, and window height 
fields in the WDS. This makes it possible, during the author 
ing, to adjust a Window to appear in a desired margin of each 
picture in an Epoch so as not to interfere with a pattern of the 
picture. The subtitles displayed by Graphics in this way can 
be viewed clearly. The WDS can be defined for each Epoch. 
Accordingly, as pictures change in pattern with time, the 
graphics can always be displayed with high visibility in 
response to the change. This increases the quality of the 
movie work to such a level where subtitles are embedded into 
the movie as an original constituent. 
0523 The following explains the PCS (Composition Seg 
ment). 
0524. The PCS is a functional segment constituting a sub 

title in the screen or the like. FIG.59B shows a data structure 
of the PCS. As shown in the drawing, the PCS includes a 
segment type field, a segment length field, a composition 
number field, a composition state field, a palette update 
flag field, a palette id field, and composition object(1) to 
composition object(m) fields. 
0525. The composition number field uniquely identifies a 
graphics update in the DS, using a number from 0 to 15. In 
more detail, the composition number field is incremented by 
1 for each graphics update from the beginning of the Epoch to 
the PCS. 
0526. The composition state field indicates whether the 
DS is a Normal Case DS, an Acquisition Point DS, or an 
Epoch Start DS. 
0527 The palette update flag field shows whether the 
PCS describes a Palette0nly Display Update. The Pal 
etteConly Display Update refers to such an update that only 
replaces a previous Palette with a new Palette. To indicate a 
PaletteConly Display Update, the palette update flag field is 
set to 1. 

0528. The palette id field indicates whether or not the 
PaletteConly Display Update has been performed in the con 
cerned PCS. The Palette0nly Display Update refers to an 
update of a Display Set where only a palette is replaced with 
a new one. When the PaletteConly Display Update is per 
formed in the concerned PCS, the palette idfield is set to 1. 
0529. The composition object(1) to composition object 
(m) fields each are control information for realizing a screen 
structure in the DS to which the PCS belongs. In FIG. 59B, 
dotted lines wid1 indicate an internal structure of composi 
tion object(i) as one example. As illustrated, composition 
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object(i) includes an object id ref field, a window id ref 
field, an object cropped flag field, an object horizontal po 
sition field, an object vertical position field, and cropping 
rectangle information(1) to cropping rectangle information 
(n). 
0530. The object id ref field indicates a reference value 
of a graphics Object identifier (object id) This reference 
value indicates an identifier of the graphics Object that is to be 
used in order to produce a screen structure corresponding to 
composition object(i). 
0531. The window id reffield shows a reference value of 
an identifier of a Window (window id). This reference value 
specifies the Window in which the graphics Object is to be 
displayed in order to produce the screen structure correspond 
ing to composition object(i). 
0532. The object cropped flag field shows whether the 
graphics Object cropped in the Object Buffer is to be dis 
played or not. When the object cropped flag field is set to 1, 
the graphics Object cropped in the Object Buffer is displayed. 
When the object cropped flag field is set to 0, the graphics 
Object cropped in the Object Buffer is not displayed. 
0533. The object horizontal position field specifies a 
horizontal position of a top left pixel of the graphics Object on 
the Graphics Plane. 
0534. The object vertical position field specifies a verti 
cal position of the top left pixel of the graphics Object on the 
Graphics Plane. 
0535 The cropping rectangle information(1) to croppin 
g rectangle information(n) fields are valid when the object 
cropped flag field value is 1. The dotted lines wa2 indicate an 
internal structure of a given cropping rectangle information 
(i). As illustrated, cropping rectangle information(i) includes 
an object cropping horizontal position field, an object 
cropping vertical position field, an object cropping width 
field, and an object cropping height field. 
0536 The object cropping horizontal position field 
specifies a horizontal position of a top left corner of a crop 
ping rectangle in the graphics plane. The cropping rectangle 
is used for taking out one part of the graphics Object, and 
corresponds to a “Region” in the ETSI EN300 743 standard. 
0537. The object cropping vertical position field speci 

fies a vertical position of the top left corner of the cropping 
rectangle in the graphics plane. 
0538. The object cropping width field specifies a hori 
Zontal length of the cropping rectangle in the graphics plane. 
0539. The object cropping height field specifies a verti 
cal length of the cropping rectangle in the graphics plane. 
Here, a "DSn’, a given Display Setamong those belonging to 
an Epoch, is assigned to an AVClip playback time axis, by 
setting DTS and PTS as shown in FIG. 60. FIG. 60 shows an 
AVClip playback time axis to which the DSn is assigned. In 
FIG. 60, the start of the DSn is represented by a DTS value of 
a PCS belonging to the DSn (DTS (DSn PCSD), and the end 
of the DSn is represented by a PTS value of a PCS belonging 
to the DSn (PTS(DSnPCSD). Also, the timing of the first 
display in the DSn is represented by the PTS value of the PCS 
(PTS(DSnPCSD). Accordingly, it is possible to make the 
first display in the DSn synchronize with a desired picture in 
the video stream by making PTS(DSnIPCSI) match the tim 
ing at which the desired picture appears on the AVClip play 
back time axis. 
(0540. The PTS (DSn PCSI) is obtained by adding DTS 
(DSn (PCSI) to “DECODE DURATION” that represents a 
time period required for decoding the ODS. 
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0541. The ODS that is necessary for the first display is 
decoded is the DECODE DURATION. In FIG. 60, the sign 
“mc1 represents a time period during which a given ODS 
(ODSm) belonging to DSn is decoded. The start point of the 
decoding time period mc1 is represented by DTS (ODSn 
ODSm), and the endpoint of the decoding time period mc1 
is represented by PTS(ODSnODSm). 
0542. An Epoch is defined when the above-described 
assignment to the playback time axis is performed for each 
ODS belonging to the Epoch. This completes the explanation 
about assignment to the playback time axis. 
0543. The Epoch is a unit having continuity in memory 
management in the graphics decoder. Accordingly, the Epoch 
should be complete in itself within one AVClip. However, it is 
possible to define an Epoch that is continuous through two 
AVClips that are played back in sequence, when three prede 
termined conditions are satisfied. 
(0544 The “Epoch Continue” is a type of Display Set 
(DSm+1) positioned immediately after the AVClipboundary, 
and is handled as Acquisition Point when the three predeter 
mined conditions described in Embodiment 6 are satisfied. It 
is handled as Epoch Start when any of the three conditions is 
not satisfied. That is to say, a Display Set of the “Epoch 
Continue” type is handled as Epoch Start when a jump play 
back from one of Succeeding AVClips is performed, and is 
handled as Acquisition Point when a seamless playback from 
a previous AVClip is performed. 
0545 FIG. 61 shows the three conditions to be satisfied 
when two AVClips are played back seamlessly. The first row 
of the drawing indicates two AVClips that are played back 
seamlessly. The second row indicates three Epochs. Of the 
three Epochs, the Epoch in the middle has continuity in 
memory management between the two AVClips. The third 
row indicates Display Sets belonging to each of the three 
Epochs. The Epoch in the second row has not been divided in 
correspondence with the two AVClips. However, the separa 
tion between two Display Sets in the third row corresponds to 
the separation between the two AVClips. The fourth row 
indicates functional segments that are the same as those 
shown in the fourth row of FIG. 57. The signs () 1, O2 and 
()3 represent the three conditions to be satisfied in Epoch 
when two AVClips are played back seamlessly. The first 
condition is that the type of Display Set (DSm+1) positioned 
immediately after the AVClipboundary is “Epoch Continue’. 
as shown in the third row. 
0546. The second conditions is that Composition Number 
of PCS belonging to DSm+1 is the same as Composition 
Number (A) of PCS belonging to DSm that is a Display Set 
immediately before DSm+1. This means that the contents of 
graphics display are the same before and after the AVClip 
boundary. Here, the Composition Number means a screen 
structure of a Display Set. Accordingly, when DSm and 
DSm+1 have the same Composition Number, the screen 
structures of DSm and DSm+1 provide the same graphics 
contents. FIG. 15 shows the screen structures of DSm and 
DSm+1, for comparison therebetween. As shown in the draw 
ing, both DSm and DSm+1 has “Three years have passed as 
the contents of the graphics. Accordingly, the two Display 
Sets have the same contents of the graphics, having the same 
value as Composition Number. Further, since the playback of 
the video stream has been set to the seamless connection, 
DSm+1 is handled as Acquisition Point. 
0547. The third condition is that the playback of the pre 
vious AVClip is seamlessly connected with the playback of 
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the Succeeding AVClip. The seamless connection can be 
achieved when the following conditions are satisfied. 
0548 (i) The same video stream display method (NTSC, 
PAL or the like) is indicated in the video attribute information 
of the two AVClips. 
0549 (ii) The same audio stream encoding method (AC-3, 
MPEG, LPCM or the like) is indicated in the audio attribute 
information of the two AVClips. 
0550 The reason why the seamless playback is not avail 
able when any of the above-indicated conditions (i) and (ii) is 
not satisfied is that the video decoder or the audio decoder 
stop operation to change the display method, encoding 
method, orbitrate of the video stream or audio stream when 
a different display method or encoding method is specified. 
0551 For example, when two audio streams respectively 
having been encoded by the AC-3 method and the MPEG 
standard are to be played back seamlessly, the audio decoder 
should change the stream attributes when the audio streams 
change from one to the other. This causes the audio decoderto 
stop the decoding. This also applies to the case where video 
stream attributes are changed. 
0552. Accordingly, the seamless connection can be per 
formed only when both the above-indicated conditions (i)and 
(ii) are satisfied. The seamless connection is not available 
when any of the conditions (i) and (ii) is not satisfied. 
0553 DSm+1 of “Epoch Continue” type is handled as 
Acquisition Point when the above-described three conditions 
are satisfied. In this case, Display Sets 1 through m and 
Display Sets m+1 through n form one Epoch, and the buffer 
state in the graphics decoder is maintained even if the two 
AVClips are played back in sequence. 
0554) Even when DSm+1 is “Epoch Continue” type, if any 
of the remaining two conditions is not satisfied, the Epoch is 
divided into two in the vicinity of the AVClip boundary. 
Accordingly, as described above, a Display Set of “Epoch 
Continue” type is handled as Acquisition Point when all the 
above-described three conditions are satisfied; and it is 
handled as Epoch Start when any of the conditions is not 
satisfied. 
0555 According to the present embodiment with the 
above-described structure, it is possible to prevent the dis 
played Subtitle from disappearing when a Switch occurs 
between pieces of PlayItem information, by, in the second and 
succeeding pieces of PlayItem information in the PlayList 
information, setting the Composition Type to Epoch Con 
tinue and setting the Composition Number to the same value 
as the Composition Number of the first piece of PlayItem 
information in the PlayList information. 

<Supplementary Notes> 

0556. Up to now, the present invention has been described 
through several embodiments thereof. However, these 
embodiments are merely presented as System examples that 
are expected to produce best advantageous effects as of now. 
Namely, the present invention can be modified in various 
ways, with its essence retained. The following are represen 
tatives of Such modifications. 

<Operation Wait Control Based on BD-J Application> 
0557. When the operation wait control in the moving 
image menu is performed based on the Movie Object, the 
control onto the menu is achieved by the ICSs having been 
described in the above. On the other hand, when the operation 

29 
Feb. 26, 2009 

wait control is performed based on the BD-J application, the 
ICSs are not used for the control onto the menu. This is 
because, as described above, the BD-Japplication can realize 
a GUI framework that includes the HAVi framework. How 
ever, even in this case, AVClips are used as the background 
image in the moving image menu. Accordingly, even when 
the operation wait control is performed based on the BD-J 
application, it is possible to achieve an operation wait control 
having no interruption to the AV playback on the screen, by 
using the PlayList information having 999 pieces of PlayItem 
information. 

<Number of Pieces of PlayItem Information> 
0558. In Embodiment 1, the number of pieces of PlayItem 
Information is set to 999, based on the BD-ROM standard. 
This is because there is a limit to the number of digits to be 
assigned to the identification number, and because there is a 
demand that the PlayList information be used on-memory. 
However, the number of pieces of PlayItem Information can 
be increased or decreased depending on the case where: the 
moving image menu is generated in conformance to a stan 
dard that does not pose such limitations; the moving image 
menu is generated in conformance to a standard that allows a 
greater size of PlayList information; or, conversely, the mov 
ing image menu is generated in conformance to an applica 
tion layer standard that strictly restricts the number of digits 
or the memory size. 

<Variations of Recording Medium 
0559. In the above-described embodiments, the BD-ROM 

is used as the recording medium for recording AV contents or 
applications, or as the object of authoring. However, the 
physical property of the BD-ROM does not contribute much 
to the exhibition of the acts/effects of the present invention. 
Thus, any other recording medium may be used in place of 
BD-ROM, in so far as it has a capacity sufficient to record the 
AV contents, as the BD-ROM. For example, it may be an 
optical disc such as CD-ROM, CD-R, CD-RW, DVD-ROM, 
DVD-R, DVD-RW, DVD-RAM, DVD+R, or DVD+RW. 
Also, the recording medium for use may be: a magneto 
optical disk such as PD or MO; a semiconductor memory card 
such as an SD memory card, CompactFlashTM card, Smart 
Media, memory stick, multimedia card, or PCM-CIA card; a 
magnetic recording disk such as HDD, flexible disk, 
SuperBD-ROM, Zip, or Click; or a removable hard disk 
drive such as ORB, Jaz, SparO, SyJet, EZFley, or Microdrive. 
The local storage for use may be any of the above-mentioned 
recording mediums in so far as it can be loaded into the 
playback device and provides certain copyright protection. 

<Adaptation to Other Standards> 
0560. In the above-described embodiments, the BD-ROM 

is used as the video standard. However, any other video stan 
dard for AVClip playback at equivalent level is adaptable to 
the present invention. 

<Generating Moving Image Menu in Embodiment 2> 
0561. When the moving image menu is generated in 
Embodiment 2, the PlayList generating unit 14 generates the 
PlayList information where: pieces of PlayItem information 
at odd-numbered positions in the order in the PlayList infor 
mation instruct the playback device to playback AVClipil 1 so 
that it plays back AVClipi1 repeatedly; and pieces of Play 
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Item information at even-numbered positions instruct the 
playback device to play back AVClipi2 so that it plays back 
AVClipi2 repeatedly. 

<System LSI> 
0562. The internal structure of the playback device 
described in Embodiment 1 may be realized as one system 
LSI. 
0563 The system LSI is obtained by implementing a bear 
chip on a high-density Substrate and packaging them. The 
system LSI is also obtained by implementing a plurality of 
bear chips on a high-density Substrate and packaging them, so 
that the plurality of bear chips have an outer appearance of 
one LSI (such a system LSI is called a multi-chip module). 
0564. The system LSI has a QFP (Quad Flat Package) type 
and a PGA (Pin Grid Array) type. In the QFP-type system 
LSI, pins are attached to the four sides of the package. In the 
PGA-type system LSI, a lot of pins are attached to the entire 
bottom. 
0565. These pins function as an interface with other cir 
cuits. The system LSI, which is connected with other circuits 
through Such pins as an interface, plays a role as the core of 
the playback device. 
0566 Such a system LSI can be embedded into various 
types of devices that can play back images, such as a televi 
Sion, game machine, personal computer, one-segment mobile 
phone, as well as into the playback device. The system LSI 
thus greatly broadens the use of the present invention. 
0567 The following describes a detailed production pro 
cedure. First, a circuit diagram of a part to be the system LSI 
is drawn, based on the drawings that show structures of the 
embodiments. And then the constituent elements of the target 
structure are realized using circuit elements, ICs, or LSIs. 
0568. As the constituent elements are realized, buses con 
necting between the circuit elements, ICs, or LSIs, peripheral 
circuits, interfaces with external entities and the like are 
defined. Further, the connection lines, power lines, ground 
lines, clock signals and the like are defined. For these defini 
tions, the operation timings of the constituent elements are 
adjusted by taking into consideration the LSI specifications, 
and band widths necessary for the constituent elements are 
secured. With other necessary adjustments, the circuit dia 
gram is completed. 
0569. It is desirable that the general-purpose parts in the 
internal structures of the embodiments are designed by com 
bining Intellectual Properties that define existent circuit pat 
terns. On the other hand, it is desirable that the characteristic 
parts in the internal structures are designed by a top-down 
design in which used is description at the operation level with 
high-level abstraction using HDL, or description at the reg 
ister transfer level. 
0570. After the circuit diagram is completed, the imple 
mentation design is performed. The implementation design is 
a work for creating a board layout by determining how to 
arrange the parts (circuit elements, ICs, LSIs) of the circuit 
and the connection lines onto the board. 
0571. After the implementation design is performed and 
the board layout is created, the results of the implementation 
design are converted into CAM data, and the CAM data is 
output to equipment such as an NC (Numerical Control) 
machine tool. The NC machine tool performs the SoC imple 
mentation or the SiP implementation. The SoC (System on 
Chip) implementation is a technology for printing a plurality 
of circuits onto a chip. The SiP (System in Package) imple 
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mentation is a technology for packaging a plurality of circuits 
by resin or the like. Through these processes, a system LSI of 
the present invention can be produced based on the internal 
structure of the playback device described in each embodi 
ment above. 

0572. It should be noted here that the integrated circuit 
generated as described above may be called IC, LSI, ultra 
LSI, super LSI or the like, depending on the level of the 
integration. 
0573. It is also possible to achieve the system LSI by using 
the FPGA (Field Programmable Gate Array). In this case, a 
lot of logic elements are to be arranged lattice-like, and Ver 
tical and horizontal wires are connected based on the input/ 
output combinations described in LUT (Look-Up Table), so 
that the hardware structure described in eachembodiment can 
be realized. The LUT is stored in the SRAM. Since the con 
tents of the SRAM are erased when the power is off, when the 
FPGA is used, it is necessary to define the Config information 
so as to write, onto the SRAM, the LUT for realizing the 
hardware structure described in each embodiment. Further, it 
is desirable that the image decoding circuit with a decoder 
embedded therein be realized by a DSP in which the product 
Sum operation function is embedded. 

<Architecture> 

0574. The system LSI of the present invention is aimed to 
achieve the functions of the playback device. For this pur 
pose, it is desirable that the system LSI conforms to the 
Uniphierarchitecture. 
0575. A system LSI conforming to the Uniphierarchitec 
ture includes the following circuit blocks. 

Data Parallel Processor (DPP) 
(0576. The DPP is an SIMD-type processor where a plu 
rality of elemental processors perform a same operation. The 
DPP achieves a parallel decoding of a plurality of pixels 
constituting a picture by causing operating units, respectively 
embedded in the elemental processors, to operate simulta 
neously by one instruction. 

Instruction Parallel Processor (IPP) 

(0577. The IPP includes: a local memory controller that is 
composed of instruction RAM, instruction cache, data RAM, 
and data cache; processing unit that is composed of instruc 
tion fetch unit, decoder, execution unit, and register file; and 
virtual multiprocessing unit that causes the processing unit to 
execute a parallel execution of a plurality of applications. 

CPU Block 

(0578. The CPU block is composed of: peripheral circuits 
such as ARM core, external bus interface (Bus Control Unit: 
BCU). DMA controller, timer, vector interrupt controller; and 
peripheral interfaces such as UART, GPIO (General Purpose 
Input Output), and sync serial interface. The aforesaid con 
troller is implemented as this CPU block, into the system LSI. 

Stream I/O Block 

0579. The stream I/O block performs data input/output 
with the drive device, hard disk drive device, and SD memory 
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card drive device which are connected onto the external bus 
ses via the USB interface and the ATA packet interface. 

AV I/O Block 

0580. The AV I/O block, which is composed of audio 
input/output, video input/output, and OSD controller, per 
forms data input/output with the television and the AV ampli 
fier. 

Memory Control Block 

0581. The memory control block performs reading and 
writing from/to the SD-RAM connected therewith via the 
external buses. The memory control block is composed of 
internal bus connection unit for controlling internal connec 
tion between blocks, access control unit for transferring data 
with the SD-RAM connected to outside of the system LSI, 
and access schedule unit for adjusting requests from the 
blocks to access the SD-RAM. 

<Production of Program of Present Invention> 

0582 The program of the present invention is an object 
program, a program in the execution format so as to be 
executed by the computer. The program of the present inven 
tion is composed of one or more program codes that cause the 
computer to execute each step in the flowchart or each pro 
cedure of the functional components described in the embodi 
ments above. There are various types of program codes such 
as the native code of the processor, and JavaTM byte code. 
0583. The program of the present invention can be pro 
duced as follows. First, the software developer writes, using a 
programming language, a source program that achieves each 
flowchart and functional component. In this writing, the Soft 
ware developer uses the class structure, variables, array Vari 
ables, calls to external functions, and so on, which conform to 
the sentence structure of the programming language he/she 
USS. 

0584) The written source program is sent to the compiler 
as files. The compiler translates the source program and gen 
erates an object program. 
0585. After the object program is generated, the program 
meractivates a linker. The linker allocates the memory spaces 
to the object programs and the related library programs, and 
links them together to generate a load module. The generated 
load module is based on the presumption that it is read by the 
computer and causes the computer to execute the procedures 
indicated in the flowcharts and the procedures of the func 
tional components. The program of the present invention can 
be produced in this way. 

INDUSTRIAL APPLICABILITY 

0586. The information recording medium of the present 
invention can prevent a playback of a moving image from 
stopping or a button from disappearing in the moving image 
menu. This enables a high-level piece of work on the BD 
ROM to be supplied to the marketas intended by the contents 
maker, and is expected to activate the movie market and the 
commercial equipment market. Thus there are possibilities 
that the recording medium and the playback device of the 
present invention become highly usable in the movie industry 
and the commercial equipment industry. 
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1. A recording medium for causing a playback device to 
display a menu while displaying a moving image as a back 
ground of the menu, the recording medium storing: 

one or more AV streams constituting the moving image; 
a program that causes the playback device to perform an 

operation wait control to wait for an operation to be 
conducted via the displayed menu; and 

PlayList information, wherein 
the PlayList information includes a PlayItem sequence 

composed of a plurality of pieces of PlayItem informa 
tion each of which corresponds to one of the one or more 
AV streams and instructs the playback device to repeat a 
playback of the corresponding AV stream while per 
forming the operation wait control. 

2. The recording medium of claim 1, wherein 
the program includes a playback command that instructs 

the playback device to repeata playback of an AV stream 
via the PlayList information, and 

the operation wait control is performed by causing the 
playback device to repeat a playback of the playback 
command. 

3. The recording medium of claim 1, wherein 
each piece of PlayItem information includes connection 

information that indicates that a playback of an AV 
stream by a first piece of PlayItem information and a 
playback of an AV stream by a second piece of PlayItem 
information that is immediately before the first piece of 
PlayItem information should be performed seamlessly. 

4. The recording medium of claim 1, wherein 
an amount of code to be assigned to a starting portion of the 
AV stream is determined not to exceed a capacity of a 
buffer provided in a decoder as of when an ending por 
tion of the AV stream exists in the buffer. 

5. The recording medium of claim 1, wherein 
the AV stream includes a first AVClip and a second AVClip, 
PlayItem information having odd numbers in an order of 

arrangement in the PlayItem sequence instruct the play 
back device to play back the first AVClip such that a 
playback of the first AVClip is repeated, and 

PlayItem information having even numbers in an order of 
arrangement in the PlayItem sequence instruct the playback 
device to playback the second AVClip such that a playback of 
the second AVClip is repeated. 

6. The recording medium of claim 1, wherein an amount of 
code based on a buffering delay is assigned to a video stream 
that is multiplexed in the AV stream, wherein 

the buffering delay is a time period extending from (i) an 
input end time point at which inputting, into a buffer, of 
video frames and audio frames constituting an AV 
stream referred to by a first piece of PlayItem informa 
tion is completed, to (ii) a decode end time point at 
which decoding of a starting video frame of an AV 
stream, which is referred to by a second piece of Play 
Item information that is immediately after the first piece 
of PlayItem information, is completed. 

7. A playback device for displaying a menu while display 
ing a moving image as a background of the menu, the play 
back device comprising: 

a control unit operable to perform, in accordance with a 
program recorded on a recording medium, an operation 
wait control to wait for an operation to be conducted; and 

a playback unit operable to play back an AV stream in 
accordance with PlayList information recorded on the 
recording medium, wherein 
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the PlayList information includes a PlayItem sequence 
composed of a plurality of pieces of PlayItem informa 
tion, and 

the control unit, while performing the operation wait con 
trol, continues a playback of a moving image as a back 
ground image, by repeatedly (a) reading an AV stream in 
correspondence with each of the plurality of pieces of 
PlayItem information and (b) sending the read AV 
stream to the playback unit. 

8. The playback device of claim 7, wherein 
the control unit executes one or more commands constitut 

ing the program, 
the playback unit plays back the AV stream via the PlayList 

information in accordance with a result of an execution 
of a command by the control unit, and 

the operation wait control is performed when the control 
unit repeats the execution of the one or more commands 
constituting the program. 

9. The playback device of claim 7, wherein 
the playback unit performs a playback operation in accor 

dance with a standard clock provided in the playback 
device, and 

when a piece of PlayItem information includes connection 
information that indicates a seamless connection, adds 
an offset to a count value of the standard clock so that 
continuous are (1) a count value indicated by the stan 
dard clock when an AV stream is read in correspondence 
with a first piece of PlayItem information and (2) a count 
value indicated by the standard clock when an AV stream 
is read in correspondence with a second piece of Play 
Item information that is immediately before the first 
piece of PlayItem information. 

10. The playback device of claim 7, wherein 
the playback unit includes a decoder and a buffer that 

Supplies data to the decoder, and 
the buffer has a capacity that is sufficient to store both a 

starting portion and an ending portion of the AV stream 
at a same time. 

11. The playback device of claim 7, wherein 
the AV stream includes a first AVClip and a second AVClip, 

and 
when a piece of PlayItem information having an odd num 

ber in an order of arrangement in the PlayItem sequence 
is selected as current PlayItem information, it indicates 
that the playback unit repeats a playback of the first 
AVClip, and 

when a piece of PlayItem information having an even num 
ber in an order of arrangement in the PlayItem sequence 
is selected as the current PlayItem information, it indi 
cates that the playback unit repeats a playback of the 
second AVClip. 

12. A recording device comprising: 
a receiving unit operable to receive a specification of a 
moving image for a background image from a user, 

an encoder operable to encode a material of the specified 
moving image to obtain an AV stream for the specified 
moving image: 

a first generating unit operable to generate PlayList infor 
mation that includes a PlayItem sequence composed of a 
plurality of pieces of PlayItem information; and 

a second generating unit operable to generate a program 
that causes a playback device to perform an operation 
wait control to wait for an operation to be conducted, 
wherein 
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the first generating unit obtains the PlayItem sequence by 
generating a plurality of pieces of PlayItem information 
in correspondence with the AV stream. 

13. The recording device of claim 12, wherein 
the program includes a playback command that instructs 

the playback device to perform a playback of an AV 
stream via the PlayList information, and 

the second generating unit causes the playback device to 
perform the operation wait control by describing, in the 
program, a command for repeating an execution of the 
playback command. 

14. The recording device of claim 12, wherein 
each piece of PlayItem information includes connection 

information, and 
the first generating unit generates the PlayItem sequence 

by setting the connection information to indicate that a 
playback of an AV stream by a first piece of PlayItem 
information and a playback of an AV stream by a second 
piece of PlayItem information that is immediately 
before the first piece of PlayItem information should be 
performed seamlessly. 

15. The recording device of claim 12, wherein 
the encoder obtains an input-limiting straight line in accor 

dance with a buffer capacity as of when an ending por 
tion of the AV stream exists in a buffer provided in a 
decoder, and determines an amount of code to be 
assigned to a starting portion of the AV stream. 

16. The recording device of claim 12, wherein 
the AV stream includes a first AVClip and a second AVClip, 

and 
the first generating unit generates the PlayList information 

in which PlayItem information having odd numbers in 
an order of arrangement in the PlayItem sequence 
instruct the playback device to playback the first AVClip 
such that a playback of the first AVClip is repeated, and 

PlayItem information having even numbers in an order of 
arrangement in the PlayItem sequence instruct the play 
back device to play back the second AVClip such that a 
playback of the second AVClip is repeated. 

17. The recording device of claim 12, wherein 
an amount of code based on a buffering delay is assigned to 

a video stream that is multiplexed in the AV stream, 
wherein 

the buffering delay is a time period extending from (i) an 
input end time point at which inputting, into a buffer, of 
video frames and audio frames constituting an AV 
stream referred to by a first piece of PlayItem informa 
tion is completed, to (ii) a decode end time point at 
which decoding of a starting video frame of an AV 
stream, which is referred to by a second piece of Play 
Item information that is immediately after the first piece 
of PlayItem information, is completed. 

18. A system LSI that is embedded in a playback device and 
causes the playback device to display a menu while display 
ing a moving image as a background of the menu, the system 
LSI comprising: 

a control unit operable to perform, in accordance with a 
program recorded on a recording medium, an operation 
wait control to wait for an operation to be conducted; and 

a playback unit operable to play back an AV stream in 
accordance with PlayList information recorded on the 
recording medium, wherein 



US 2009/0055744 A1 

the PlayList information includes a PlayItem sequence 
composed of a plurality of pieces of PlayItem informa 
tion, and 

the control unit, while performing the operation wait con 
trol, continues a playback of a moving image as a back 
ground image, by repeatedly (a) reading an AV stream in 
correspondence with each of the plurality of pieces of 
PlayItem information and (b) sending the read AV 
stream to the playback unit. 

19. A playback method for displaying a menu while dis 
playing a moving image as a background of the menu, the 
playback method comprising the steps of 

performing, in accordance with a program recorded on a 
recording medium, an operation wait control to wait for 
an operation to be conducted; and 

playing back an AV stream in accordance with PlayList 
information recorded on the recording medium, wherein 

the PlayList information includes a PlayItem sequence 
composed of a plurality of pieces of PlayItem informa 
tion, and 

the control step, while performing the operation wait con 
trol, continues a playback of a moving image as a back 
ground image, by repeatedly (a) reading an AV stream in 
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correspondence with each of the plurality of pieces of 
PlayItem information and (b) sending the read AV 
stream to the playback step. 

20. A program for causing a computer to display a menu 
while displaying a moving image as a background of the 
menu, the program causing the computer to perform the steps 
of: 

performing, in accordance with a program recorded on a 
recording medium, an operation wait control to wait for 
an operation to be conducted; and 

playing back an AV stream in accordance with PlayList 
information recorded on the recording medium, wherein 

the PlayList information includes a PlayItem sequence 
composed of a plurality of pieces of PlayItem informa 
tion, and 

the control step causes the computer to continue, while 
performing the operation wait control, a playback of a 
moving image as a background image, by repeatedly (a) 
reading an AV stream in correspondence with each of the 
plurality of pieces of PlayItem information and (b) send 
ing the read AV stream to the playback step. 
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